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ADVERTISEMENT. 


N this new Edition I have endea- 
i voured to make confiderable im- 
provements. Wherever there  re- 
mained any thing obfcure, I have 
altered the paffage in fuch a manner 
as I hope will preclude all hefitation | 
about the author’s meaning. In the 
few cafes where I perceived any dif- 
ficulty of this fort, it arofe from too 
clofe an adherence to the form of ex- 
preffion in the original, for obfcurity 
is fo little the fault of Spallanzani’s 

_ manner of writing, that thofe who 
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ADVERTISEMENT. 


are unacquainted with the fubje& may 
derive as much information from the 
following work as profefied phyfiolo- 
gifts, if they will only take the trou- 
ble of making themfelves mafters of 


a very few technical terms. — 


— The reader may much more juftly 
complain of the ufe of fome words 
than were neceflary to convey the. 
fenfe, a fault into which the author 
was undoubtedly betrayed by his de- 
fire of being perfpicuous. . ‘This fault 
I have endeavoured to leffen in fome 
meafure, by difencumbering many fen- 
tences of ufelefs words. Mr. Sene- . 
bier, the French tranflator, has taken 
far greater liberties, and as I do not 
perceive that he has either altered or 
darkened the fenfe, he feems to have 
done night. T have 


- 
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ADVERTISEMENT. 


I have moreover attempted to fub. 
ftitute i in the place of thofe foreign 
idioms, with which -the firft edition 
abounds, expreffions more conform- — 
able to the genius of the Englifh 


language. 


As the former fhort and imperfe& 
fketch of Spallanzani’s writings ap- 
peared to be not unacceptable to the 
greater part of readers, I have im- 


proved and extended it. I have alfo 


‘added fome obfervations relating to the 


 fubje&s of the firft and fecond volume. 


Thefe additions, together with an ac-. 
count of the application of the gaftric 
liquor to medical purpofes, and feveral 
others, are printed feparately for the 
fake of the purchafers of the firft 

Edition, 


ADVERTISEMENT. 
Edition, whofe advantage every author 
is bound in juftice as well as gratitude 


to confult, © 
THOMAS BEDDOES. 


Oxford. 
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INTRODUCTION. 


È 


. the courfe of my public demonftrationg 
in the year 1777, I repeated in the pre- 
fence of my hearers thofe celebrated experi- 
ments of the Academy of Cimento, which 
i fhew that the ftomachs of fowls and ducks 
_ exert fo aftonifhing a force as to reduce hol- 
low globules of glafs to powder in the {pace 
of a few hours. Finding them perfectly exa&, 
I conceived the defign of extending them to 
fome other individuals of that clafs of birds 
which have been termed birds with mujcular 
fromachs or gizzards. Such were the firft 
lines of an undertaking, of which till that 
time I had never entertained the fmalleft idea, 
and which afterwards became more and more 
extenfive, as my curiofity concerning fo fine 
and ufeful a fubje& as the important function 
of Digeftion increafed. Hence from animals 
with mufcular fomachs, I was induced to 
proceed to thofe with intermediate, and from 
thefe again to animals with membranous fto- _ 
aa. I. Bi ‘imachs. 
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-machs (4). Thus I enjoyed the pleafure of . 
extending my refearches to the principal 
claffes of animals, not neglecting Man, the 
nobleft and moft interefting of all. But thefe 
phyfiological refearches laid me under the 
neceflity of examining the moft celebrated 
fyitems concerning Digeftion, and of enquir- 
ing whether it is effected by trituration, by a 
folvent, by fermentation, or by an incipient 
putrefaction > or whether, according to the 
opinion of the great Boerhaave, it rather de- 
pends upon all thefe caufes operating in con- 
junction. Thus I was obliged to enter anew 
upon a queftion of very ancient date, and 
though difcuffed at great length by many 
phyfiologifts, yet not in my opinion fuf- 
ficiently elucidated; fince moft writers have 
chofen to follow the delufive invitation of 
theory and hypothefis, rather than the un- 
erring direction of acute experiments. The 
impartial and judicious reader, when he fhall 
have perufed the prefent eflay, will be able 


‘to determine, whether what I affert, be, true 
or falfe. 


: (a) The 3, rvrti, and crv paragraphs will explain what 


ts meant by birds with mufcular, intermediate, and membra- 
nous ftomachs. 
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ON THE DIGESTION: OF ANIMALS WITH 
MUSCULAR STOMACHS, COMMON FOWLS, 
TURKEYS, DUCKS, GEESE, DOVES, PI- 
GEONS. 


I. 4 OUGH there perhaps exifts no 
animal, of which the ftomach is not 
furnifhed with mufcles, yet there is a fingu- 
lar clafs, juftly denominated by feveral natu- 
ralifts animals with mufcular fomachs, fince 
that vifcus is provided with remarkably large 
and powerful mufcles. Too this clafs belong 
fowls, ducks, pigeons, geefe, partridges, &c. 
So great is the ftrength of thefe mufcles, that 
many have imagined that they produce di-, 
geftion by Ma violently upon the contents 
of the ftomach, and breaking down and re-. 
B 2 n “lia | 
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A ducing them to a pultaceous mafs, in no re- 
{pect differing from imperfect chyle. This 
notion was afterwards applied | to other ani- 
mals, nor was man himfelf exempted ; and it 
has been pretended, that digeftion is univer- 
{ally owing to the alternate action of the muf- 

7 cles of the ftomach, or, as it has been termed, 

) to frituration. 

si . Now, to confiné ourfelves to animals 
ser ti mufcular ftomachs, there was little diffi - 
culty in devifing the means of determining 
whether the comminution and folution of 
food is effected by the gaftric mufcles. Such 

» means have been contrived and fuccefsfully 

put in practice by Reaumur. ‘Let feveral 
animals refembling each other in ftru&ure,” 

fays that great naturalift in his two excellent 

memoirs on this fubje&, of which I {hall 

make frequent ufe in the fequel, “© be made 

to fwallow metallic tubes open at both ends, 

and filled with fome of their natural food, as 

grains of the Cerealia when gallinaceous fowls 

are the fubjects | of our experiments. Should 

thefe grains, after they have remained a cer- 

via è tain time in the ftomach, be broken down 

©“ And decompoted, we muft affume a diffolving 

liquor as the caufe of this phenomenon, fince 

the fides of the metallic tubes muft have been | 

i am infuperable obftacle to the exertions of the 

3% | gaftric 
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gaftric mufcles upon the contents; but if 
they fhould be retrieved in a found and entire 
ftate, it muft be acknowledged, that in thefe 
animals digeftion does not depend on a {ol- 
vent, but on the action of mufcles.” And 
fuch was the plan adopted by this fagacious 
philofopher. He enclofed fome barley in 
metallic tubes open at each end and forced 
them down the throats of common fowls, 
turkeys and ducks. Upon killing the ani- 
mals fome hours afterwards and taking the 
tubes out of the ftomach, the grains were. 
found quite entire; whence he inferred, that 
in birds of the gallinaceous clafs the food is 
not broken down by a folvent, but by ftrong 
mufcular action. r 

- 111. This experiment feems indeed highly 
' favourable to the doctrine of trituration; yet — 
. I think it would have been much more con- 
clufive, if the fame refult had been obtained 
from other individuals of this clafs, and if be- 
fides barley, other grains upon which they na- 
turally feed, fuch as wheat, maize, rye, chick- 
peafe, &c. had been employed, I therefore 
refolved to put each of thefe feeds to the teft 
of experiment in the folowing manner, I 
procured fome tin tubes eight lines in length 
and four in diameter, and inclofed in each a 
quantity of feeds greater or lefs according as 
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they were themfelves fmaller or larger. The 
ends of the tube were left open, but iron wires 
were made to pafs before them, fo as to crofs 
each other, and form a kind of lattice-work. 
Common fowls were the firft fubjects of my 
experiments: I forced fome of the tubes into. 
the ftomach,. conducting them with my fore- 
finger and thumb through the cefophagus, 
till I was certain they were in the cavity of 
that vifcus. When this operation is properly 
performed, neither fowls nor other animals 
fuftain any injury. In twenty-four hours the 
tubes were taken out, and the contents upon 
€xamination appeared to be unaltered: even. 
_ the colour and tafte were unchanged, if we 
except a light bitter flavour which they had 
acquired. ‘They had imbibed'fome moifture, 
and were a little fwoln, The fame feeds in- 
clofed alfo in tubes, and left in the ftomach 
two and even three days, underwent no greater 
Change’ = 
Iv, Several times, immediately after having 
forced the tubes full of grains into the foi 
mach, I introduced fome lof the fame grains 
loofe. The latter were broken down in a 
few hours, but the former remained entire. 
v. The food taken fpontaneoufly by thefe 
birds does not pafs immediately into the fto- 
than, but ftops for fet time in the crop, 
where 


wy 
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where it is macerated, and becomes fofter. 
Is fuch a previous maceration neceflary before 
it can be diffolved within the tubes? This 
circumftance feemed to deferve attention. I 
therefore repeated the foregoing experiments 
with feeds taken from the crop of a fowl, 
after they had undergone a complete: macera~ 
tion. Notwithftanding this preparation, they 
underwent no change within the tubes. 

vi. From thefe refults it was eafy to pre- 
di&, that no new appearance would occur, if 
the {kin fhould be taken off, as it really hap- 
pened. It.is proper to add, that other grains 
treated in the fame manner were no more dif. 
folved than thofe before-mentioned. 

vii. The mode which I had hitherto prac- 
tifed of ufing tubes open at both ends, at 
which the gaftric fluid was certainly at liberty 
to enter, was that of Reaumur. But this 
fluid having no other accefs, cannot exert its 
action on the inclofed grains fo powerfully as 
when they are loofe in the ftomach, as Reau- 
mur ingenuoufly confeffes. To obviate this 
inconvenience in fome meafure, I had the 
fides of the tubes perforated witha great num- 
ber of holes. I had moreover recourfe te 
another expedient. I employed hollow glo- 
‘bules of brafs half an inch in diameter, and 
pierced like a fieve, which I could open and 
i B 4 | (hut 
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‘fhut at pleafure by means of a ferew worked 


upon the edge of the two hemifpheres, into 


which each globule was divifible. With 


thefe new tubes and fpherules I repeated 
the preceding experiments, not only upon 
common fowls, but upon ducks, turkeys, 
geefe, doves, and pigeons: and as a larger 
quantity of liquor could now find its way to 
the inclofed fubftances, they were more tho- 
roughly foaked, and had acquired a bitterer 


tafte (111); but I could never perceive the 


flighteft token of folution, though they con-- 
tinued along time in the ftomach. 

‘vill. Thefe facts afford an irrefragable 
proof, that the trituration of feeds in the fto- 
mach of granivorous birds, is folely owing to 


_ftrong preffure and repeated and violent per- 


cuffions: effects produced by the powerful 

mufcles with which that organ is furnifhed. 
1x. The contents of the ftomach are fo 

violently agitated as to be driven in at the 


open ends and through the holes of the tubes 


and fpherules, which occafions fome confu- 
fion, Hence I have frequently found it of 
fervice to introduce thefe receivers when the 
ftomach was empty, and to keep the animal 


fafting during the whole time of the expe- 
riment, 
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x. The violent action of the fides upon the 
contents of the ftomach renders another pre- 
caution highly neceflary. The thicknefs of 
the tubes and fpherules fhould be confider- 
able, otherwife the obferver, when he takes 
them out of the ftomach, will find them bro- 
ken, crufhed, or diftorted in a moft fingular 
manner, if they have been long retained. 
Reaumur mentions feveral accidents of this 
fort (2); and I have feen inftances without 
number of fuch contufions, one of which I 
cannot forbear relating here. Having found 
that the tin tubes which I ufed for common 
fowls were incapable of refifting the force of | 
the ftomach of turkeys, and not happening 
at that time to be provided with any tin foil 
of greater thicknefs, I tried to ftrengthen them 
by foldering to the ends two circular plates . 
of the fame metal, perforated only witha few 
holes for the admiflion of the gaftric fluid. 
But this contrivance was ineffectual; for after 
the tubes had been twenty hours in the fte- 
mach of a turkey, the circular plates were 
driven in, and fome of the tubes were broken, 
fome comprefled, and fome diftorted in the 
moft irregular manner. 


(a) In the Memoir quoted above. 
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x1. I then tried the following means of 
preventing this inconvenience. Having per- 
forated the circular lamine in the center, I 
paffed an iron wire through the holes, and 
bound it tight round the outfide of the tubes 
and twifted the two ends together. . And-now 
though the foldering fhould be deftroyed, yet 


this contrivance would prevent the circular 


lamina from receding from the ends of the. 


tube, unlefs the wire which paffed through 
them fhould be broken. I prepared four 


tubes in this manner, and gave them to a tur+ 


key fix months old. After they had remained — 
a whole day in the ftomach, I killed the ani- . 


mal; and was exceedingly furprized. to find 
that the tubes, in {pite of my expedient, were 
very much damaged. All the iron wires were 
broken, two where they were twifted, and the 
two others at their entrance into the tubes: 
the lamine, fo far from remaining foldered to 
the tubes, were found amongft the food; they 
were not flat as at firft, but fome were bent 
fo as to form an angle, fome curved, and in 
others, one part was preffed clofe to the — 
‘The tubes had fuftained equal injury; tw 
of them were flattened as if they had 508 
ftruck by an hammer, the third was moulded 
| into the fhape of a gutter, the fol dering of the 
fourth was deftroyedy and it was an as flat 
ash wafer, x11, Thefe 
» 
| | | . 
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. Thefe phenomena will not fo much 
fibre thofe who have learned from Redi (a) 
and Magalotti (4), how ducks, fowls, and 
pigeons reduce to powder hollow globules of 
glafs in a very fhort {pace of time, and even 
- folid ones in a few weeks. I have already 
obferved, that I repeated thefe experiments 
with the greateft fuccefs (c). Some fpherules 
of glafs blown by the lamp, and fo thick that 
they would feldom break when thrown upon 
the ground, were commonly reduced to fmall 
fragments, after remaining three hours in the 
ftomach of a hen or a capon; the fragments 
were not {harp as when they 'are broken by 
the efforts of the hand, but as obtufe as if- 
their edges and points had been abraded by a 
grinding-ftone. The longer the fpherules 
continued in the ftomach, the more minutely 
were they triturated; fo that in a few hours 
they were reduced to a mafs of particles, not 
larger than grains of fand. Moreover the ra- 
pidity of this procefs appears in fome meafure 
proportional to the fize of the animal. A 
wood-pigeon generally breaks them  lefs 
{peedily than a chicken, a chicken than a 


(a) Efperienze intorno a cofe naturali, 
(5) Saggio di naturali efperienze, 
(c) In the Introduction, 
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capon, but a goofe the fooneft of all. The rea- 
fon is plain, fince the larger fpecies have 
thicker and more powerful ftomachs. 

x11. From thefe and other fa&s which I 
{hall adduce hereafter, we may colle& how 
much the celebrated Pozzi, formerly Pro- 
feffor at Bologna, was miftaken, when he con- 
fidered the obfervations (a) of the Florentine. 
Academicians, and of Redi on the power of 
certain animals to reduce globules of glafs to 
pieces as falfe, becaufe he failed in his at- 
tempts to repeat their experiments on pigeons. 
Let me here be allowed to remark that it is 
the cuftom of certain dabblers in philofophy 
to deny facts, however particularly defcribed, 
and though related by perfons of the higheft 
authority, merely becaufe their own endea- 
vours fail of fuccefs. But they do not refle&, 
that this is acting in direct oppofition to the 
principles of found logic, by which we are 
taught that a thoufand negative facts cannot 
deftroy a fingle pofitive fa, fince it is fo very 
eafy to omit fome one or other of the many 
circumftances requifite to the fuccefs of an ex- 
periment. The Bolognian Phyfician has fal- 
len into this error; inftead of fo rafhly infer- 
ing from his own obfervation the falfity of the 


(a) In his fhort anatomical eflay printed at Bologna by 
Lalius a Vulpe. 


contrary 
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contrary event, he ought to have multiplied 
and varied his experiments; and if he had 
done this with proper precautions, he would 
have confirmed, inftead of contradi&ing the 
relation of the Florentine philofophers. We 
muft fuppofe, that the ftomachs of his pi- 
geons were too weak and flaccid to abrade 
and break fubftances of fuch hardnefs as glafs, 
from their being either in an unhealthy ftate, 
or too young; for in thefe cafes they are by 
no means capable of producing fuch effects, 
as I have found from actual experience. 

xiv. My celebrated countryman Vallifneri, 
in his judicious anatomy of the oftfich, fuppofes 
that the hardeft fubftances, fuch as ftones, 

wood, glafs, and even iron itfelf, are reduced 
‘ to pieces in the ftomach of this enormous 
bird by a folvent; he alfo inclines to think, 
that glafs is attacked and broken by fuch a 
liquor, which he imagines to exift in the fto- 
machs of fowls, without the concurrence of 
mufcular action. But the hypothefis of Val. 
lifneri is evidently groundlefs ; for feeds, as 
we have feen above, remain unaltered when- 
ever they are defended by tubes. And when 
pigeons, fowls, or turkeys, are forced to 
fwallow feveral balls of glafs at once, fome 
inclofed in tubes, and others loofe, the lat- 
‘ter are reduced to {mall fragments as ufual, 
while , 


wt 
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while the former remain entire. That cm. ¥ 


gaftric mufcles are the fole caufe of this teh A 
fect, will appear {till more evidently from, eo, 
facts to be related in the fequel (xv). Ts 


‘xv. Before I proceed farther in the nit 
of experiments immediately relating to digef- 
tion, it may be proper to mention fome other 
phenomena analogous to thofe juft defcribed. 
They may help to convey more diftinct noti- 
ons concerning this function in animals fur- 
nifhed with insana the fmooth and blunt 
fubftanc®s licia employed, could not injure 


the ftomach. It was therefore an obje&.of © 


curiofity to enquire what would happen when 
fharp bodies. were introduced. Itis well 
known how readily broken glafs will lacerate 
flefh. I therefore gave a cock feveral frag- 
ments of a broken pane, each about the fize 
of a pea; they were wrapped up in paper, to 


|. prevent the cefophagus from being torn as they 


paffed.through it. I was well affured that 
this cover wile be immediately deftroyed on 
its entrance into the ftomach, and leave the 
glafs at liberty to a& with. its points and 


edges. ‘The animal.was killed in twenty- 


four hours, and the glafs was found in the 
ftomach; but on this, as well as.former oc- 
cafions, the angles were fo far obliterated, 


that upon putting fome of the fragments on 
the 


My 


ue 


Pi of one bandi a PE obi re them fore 
sod uy on the ben wit the pn did n not pai 
| ceive the leaft hurt. | Upon weighing the 
È ghis it appeared to have loft twe 


was. "3 in of the miffing particles, for the 


fides of the ftomach, when viewed attentively | : 


glittered with innumerable vitreous points. 
. Onthe contrary, fome broken bits, of -glafs, 
that were inclofed in two tubes, of which 
one was given to a hen, and the other toa 
turkey, and left twenty-four hours in the fto- 
‘mach, were not at all abraded at rus per 
or edges. | 
xvi. Similar pieces of glafs, that resina 
two days in the ftomach of a wood- pigeon, 
gave me an opportunity of obferving other re- 
markable fractures and abrafions. The men- 


tion of this bird brings to my mind a fact reso 
lating to the prefent fubje@. I gave. a wood- 


pigeon an unpolithed twelve-fided. garnet, 
of the fizeof a nut, with the intention of in- 
fpe&ing the ftomach a few hours afterwards; 
the bird was confined in a cage, but made its 


efcape by fome accident, and mixing among. 


a number of others’ kept in another place, I 
was not able to diftinguifh it; fo that it did 
not fall into my hands for a month. The 

_ garnet, which had remained all this time in 
ti the 


nty- four 
grains; nor was it difficult to È difcover what 


go 
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the ftomach, filled almoft its whole pai ; 
a circumftance which a little furprized me, 
fince it had taken its food, and been nourifhed 


‘very well. But 1 was {till more furprized at 


finding the angles of this hard figoe blunted 
in fome plico. 

xvii. But the BA will tarely be eager to 
learn what injury the ftomach received from 


the violent agitation thofe fharp bodies muft_ 


have undergone during the abrafion of their 
moft pointed parts. To fatisfy my own cu- 


riofity, as well as that of others, I opened the 


cock and the two wood-pigeons (xv, xvi), 

and examined the internal coat of the ftomach 
with the clofeft attention, after having wafhed 
away the contents. I moreover difle&ed it 


away from the nervous coat; this was cafily 
effected: and I could now examine it to 


greater advantage, but notwithftanding all 


‘my pains, found it perfe&ly entire. No la- 
ceration, no divifion, not the {malleft jagged — 


appearance; it was in every refpe& like fto- 
machs that had not afforded reception to any 
unufual fubftance. Only the coat of that 
ftomach which had retained the large garnet 
for a month, was about three times as thick 
as it commonly is. 
VIII. Finding that thefe fowls fuftained 
thefe experiments unhurt, I fubjected them 
to 


y 
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Pa two. otti far more dangerous. ‘Twelve 

ftrong needles were firmly fixed in a ball of 
lead, in fuch a manher that the points pro- 
je&ed about a quarter of an inch from the 
furface. Thus armed, it was covered with 
a cafe of paper, and carer down the throat 
of a turkey. The bird retained it for a day 
and half without fhewing the leaft fymptom 
of uneafinefs. Why the ftomach fhould 
have received no injury from fo horrid an in- 
ftrument, I cannot explain: but the points 
of the twelve needles were broken off clofe 
to the furface of the ball, except two or three 

- of which the ftumps projected a little higher. 
The ball had not loft its general fhape, but 
was marked with feveral indentations, that 
certainly were not upon it at firft. Two of 
the points of the needles were found among 
the food, the other ten I could not difcover 
either in the ftomach or the long tra& of the 
inteftines; and therefore cOnchitied that they 
had paffed out at the vent. 

xix. The fecond experiment, ftull more 
cruel, confifted in fixing twelve fmall lan- 
cets, with very fharp points and edges, in a 
fimilar ball of lead. ‘They were Gat eee | 
ufe for the diffection of fmall animals. The 
ball was given to a turkey cock, and left ; 

_ eighteen hours in the ftomach; at the expi- 
m vol. I. C ration 
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ration of which time it was opened, but nos 
thing appeared but the naked ball, the twelve 
lancets having been broken to pieces; I dif- 
covered three in the large inteftines, pointlefs 
and mixed with the excrements; the other 
nine were mifling, and had probably been 
voided at the vent. The ftomach was as 
found and entire as that which had received 
the needles. 

xx. Of two capons, one fuftained the ex- 
periment with the needles, and the other that 
with the lancets, equally well. My next 
with was to know how much time had elap- 
fed before thofe fubftances begin to be aéted 
upon. By repeated experiments on turkeys 
that were killed after intervals fucceffively 
fhorter, I found that thefe fharp bodies begin 
to be broken and lofe their fhape in about two 
hours: This at leat happened i in two indi- 
viduals of that fpecies: in one four of the 
lancets, and in the other, three of the needles 
were broken within that fpace; the reft were 
blunted, but continued firm in the balls. 

xxI. Let it not however be fuppofed, that 
the ftomach in this clafs of birds is altogether 
invulnerable. In pullets it certainly is fome- 
times very much injured. I obliged two 
~ pullets to fwallow fome pins without heads. 
One was killed in eight, and the other: in — 

| thirty= 
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thirty-two hours. The former had not at all 
fuffered, but two pins were ftuck in the fto- 
mach of the latter. Thefe ftomachs, as well 
as thofe of many other animals, are full of fur- 
rows, in one of which the two pins were fixed 
almoft perpendicularly, one to the depth of a 
line, and the other to that of three lines : they 
were oppofite to the moft mufcular part of the 
organ. Some force was required to extract 
them ; at the puncture appeared a little clotted 
Blood, with an evident livid colour around. 
xxii; But whatever conclufion we are to 
draw from this lat fa&, it is certain, that the 
tomach of fuch birds is in general not fubje& 
to any injury from the introduction, refidence, 
and trituration of thefe and the like fubftances, 
as I have learned from a vaft variety of experi- 
_ ments. But kow is it poflible, fome will en- 
quire, that the gaftric mufcles can contufe, 
triturate, and even fometimes reduce to im- 
palpable powder (as wlien glafs is employed, 
XII, XIV; xv, xvi) thefe pointed bodies with- 
Out injury to themfelves? If the mufcles a&. 
with fo much force, muft not the fubftances 
neceffarily re-a@ upon the mufcles? And will 
hot this re-action caufe the laceration of the 
internal coat of the ftomach, which, though 
it is indeed very firm and compact, cannat 
furely fuftain fuch violent fhocks with im- 
punity ? C2 xxiii. This 
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XXIII. This objection was immediately 
ftarted, upon the difcovery of the wonderful 
force with which digeftion in poultry is effec- 
ted, and an attempt was made to remove it in | 
the following ingenious manner. It had been 
long known, that fowls, and other birds of 
the fame clafs, have always a fmaller or larger 
fupply of little pebbles in their ftomachs. It 
was therefore conceived, that thefe pebbles 
ferve as a fhield to the mufcles. Hence it 
follows, that the comminution of bodies 
forced into’ the ftomach is the immediate ef- 
fect of the pebbles, and only the mediate ef- . 
fe& of mufcular action. Accordingly, the 
_ Academicians of Cimento have obferved, that. 
thofe ducks and fowls that have moft ftones 
in their ftomachs, fooneft reduce fpherules of 
glafs to powder. Redi thinks, that the ftones 
perform the office of teeth (2); and Reaumur 
fuppofes them neceflary to digeftion (5)... 

xxiv. In the courfe of my numerous ob- 
fervations I can fafely affert, that I never 
opened the ftomach of a pigeon, turtle-dove, 
‘ dove, partridge, fowl, turkey, goofe, &c. 
without finding fome fmall ftones in it. I 
have alfo found what is remarked by Reau- 
mur, that the fize of the ftones is apparently 
| proportional to the fize of the bird. They 
are generally of a roundifh fhape, whether 

2). Lic, 6) Mem. cit, 
is sé they. 
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they acquire it from fri&ion within the 
cavity of the ftomach, or have it before they 
are fwallowed. ‘They are commonly bits of 
quartz, fometimes mixed with fragments of 
calcareous ftones. In the ftomach ofa turkey 
hen I have counted above 209, and above 1000 
in that of a goofe. Their exiftence is there- 
fore indubitable. But is it equally certain, 
that they are the immediate inftruments of tri- 
turation? He who is unprejudiced in favour 
of any theory muft immediately perceive, that 
this is a mere hypothefis, convenient. indeed 
and plaufible, but requiring to be confirmed 
by experiment. 

xxv. To this tet I have endeavoured to 
bring it, and would willingly hope that I have 
decided the queftion. According to the ob- 
fervation of the Academicians, thofe birds 
that have moft ftones in the ftomach, fooneft 
triturate hard fubftances. Nothing was more 
eafy than to repeat the experiment. This I did 
upon ducks and fowls, the two fpecies men- 
tioned by thofe learned writers, fometimes 
obliging them to fwallow globules of glafs, 
fometimes thin tubes of tin, and at others 
feeds defended by a ftronger cover, fuch as 
nuts of a moderate fize. It was neceflary that 
all circumftances fhould be alike, that the 
birds fhould be of the fame fpecies and age, 

C3 and 
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and of equal vigour, &c. Not to weary the 
reader with too minute a detail, I fhall only 
mention the refults. Ina henand two ducks, 
not abundantly fupplied with pebbles, the in- 
jury fuftained by the fubftances was not fo 
great as in three other like fowls more amply 
provided with them. But in four hens the 
effe& produced was exaétly the fame, as far as 
I could judge, though the ftomachs of three 
were’ lefs copioufly arnithed than that of the 
- fourth. 

xxvi. Having colle&ed a large quantity of 
{tones from the diffection of many gizzards, 
I thought they might be ufeful in the prefent 
inquiry; I therefore gave a certain number 
to fome fowls and ducks, while others were 
left with thofe which they had fwallowed. 
fpontaneoufly, The former, according to the 
obfervation of the Florentine Academicians, 
ought to have broken down hard fubftances 
fooner thah the latter. And fo indeed it fome- 
times happened, but at others the event was 
different. Wherefore not being able to afcer- 
tain the object of my enquiry by thefe expe- 
riments, I had recourfe to other means of 
folving the problem. 

xxvii. The moft decifive mode of deter- 
mining the ufe of itones in digeftion, evi- 
dently was to take them away altogether, 

either 


È DESSERTATION 7 23 
either by expelling thofe already fwallowed, 

or by preventing the admiflion of any at all, 

To evacuate thofe already accumulated, it 

was neceflary to confine the birds in cages. 
where they could not find frefh ones, and it- 
might be hoped, that the old ones would be 

gradually voided with the excrements. Ac- 

cordingly, feveral fowls, turkeys, pigeons, 

and ducks were confined feparately, and that © 
all fufpicion of their picking up pebbles might 
be removed, the cages were raifed to fuch an 
height that they could not reach the floor 
with their beaks. The bottoms were made 
‘of ofiers placed at a diftance from each other, 
in order that if the ftones fhould pafs out with 
the excrement they might not remain in the 
cage, and be fwallowed again, but fall to the 
ground, I fed them myfelf the whole time, 
taking care that the food, confifting of corn, 
vetches, and maize, fhould be free from all 
. foreign matter, fo that I was certain not a 
fingle grain of fand or the fmalleft {tone was 
fwallowed by them. 

xxvii, In the courfe of a few days I per~ 
ceived fome ftones among the excrement, 
and they cantinued to be voided during the 
whole time of confinement. Two days be. 
fore the end of the month, when they were 
to be killed, I forced fome to fw allow tubes 

C4 of 
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of tin, others glafs globules, others balls of 
lead, fome naked and fome armed with nee- 
dies and lancets (xviii, xix, xx.) I like- 
wife gave them fome grains of wheat, but 
did not allow them to undergo the natural 
procefs of maceration in the crop. On the 
. goth day every ftomach was carefully examin- 
ed, and though I did not completely attain 
the end in view, yet I gained confiderable in- 
formation on the fubject. Not a fingle fto- 
mach indeed was free from {tones, but they 
were few in number, in fome inftances not 
amounting to above four or five, and thofe 
very fmall. The contufions, however, on 
the tin tubes, the indentations on the naked 
balls, the fracture of the needles and lancets, 
the trituration of the grain had alike taken 
place in every ftomach; nor did it appear, 
that the diminution of the quantity of ftones 
at all contributed to diminifh the alteration 
of the feveral fubftances, or to occafion any 
injury to the organ that contained them. And. 
left it fhould be objected, that thefe hard bo- 
dies themfelves performed the office of peb- 
bles by rubbing violently againft each other 
in confequence of the a@ion of the gaftric 
mufcles (an objection manifeftly trivial) I had 
taken care that each bird fhould not have 
more than one tin tube, or one glafs globule, 


&c. 
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&c. Thefe folitary fubftances were juft as 
much bruifed or broken as when many 
weré put into one ftomach; and that vifcus 
remained as free from injury. 

XXIX. Though thefe facts abundantly 
prove, that trituration does not depend on 
the ftones fwallowed by the birds in queftion, 
but upon the ftrength and a&ion of the gaf- 
tric mufcles, I yet wifhed, by obferving what 
happens in ftomachs that have not received 
any ftones, for proofs ftill more decifive. The 
judicious reader will perceive at once, that 
to accomplifh my purpofe, it was neceflary 
to procure young neftlings that had never 
been abroad in queft of food. Accordingly, 
I procured fome wood- pigeons, yet unfledged, 
were brought me; but I was difappointed in 
my expectations, for even their tender fto- 
machs were not free from pebbles, which 
doubtlefs were mixed with the food carried 
to them by their parents. Three of thefe 
young birds were facrificed to my curiofity. 
The ftomach of the firft contained eight 
ftones, of the fecond eleven, of the third 
fifteen; together they weighed thirty-two 
grains, and confifted chiefly of quartz. 

‘xxx. As thefe experiments did not anfwer 
my purpofe, it was neceffary to take up the 
enquiry at an earlier period, and make ufe of 

full 
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{till younger neftlings; nay, for greater cer= 
tainty fuch as were jut quitting the egg, and © 
therefore could not have received food from 
their parents. The ftomach, it 1s obvious, 
could not contain ftones of any kind, I was 
therefore at the pains of keeping feveral neft- 
lings in a warm place, while they remained 
unfledged, and feeding them till they were 
able to peck. They were then confined in a _ 
cage, and fupplied at firft with vetches foaked 
in warm water, and afterwards in a dry and 
hard Mate. Ina month after they had begun - 
to peck, hard bodies, fuch as tin tubes, glafs 
globules, and fragments of broken glafs were 
introduced with the food; care was taken that. 
each wood-pigeon fhould fwallow only one. 
of thefe fubftances. In two days afterwards 
they were killed, when not one of the fto- 
machs contained a fingle pebble, and yet the 
tubes were bruifed and flattened, and the 
fpherules and bits of glafs blunted and bro- 
ken: this happened alike to each body, nor 
did the fmalleft laceration appear on the coats 
of the ftomach. 

xxxI. I did not confine my obfervatione to 
a fingle fpecies. With the fame view I fet 
under a turky-hen feveral eggs, fome her © 
own, and fome from a common hen. When 
the chickens were hatched I took charge of 


them 
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them myfelf, and employed the fame precau- 
tions as with the wood-pigeons (xxx). They 
were confined for fifty-five days in feparate 
cages, and their food confifted of various forts 
of grain, At laft I forced them to fwallow 
the hard indigeftible fubftances fo often men- 
tioned. Upon examination, the ftomachs 
appeared to be free from ftones, yet the frag- 
ments and fpherules of *glafs, and the tin 


tubes, were not on this account either the - . 


lefs or the more bruifed or broken; Hence 
then we have at length a decifion of the fa- 
mous queftion concerning the ufe of thefe 
pebbles, fo long agitated by authors. It ap- 
pears, that they are not at all neceflary to the 
trituration of the firmeft food, or the hardeft 
foreign fubftance, which is contrary to the 
opinion of fo many anatomifts and phyfiolo- 
gifts, as well ancient as modern; I will not, 
however, affert, that when put in motion by 
the gaftric mufcles, they are incapable of 
producing any effect on the contents of the 

ftomach. 
xxx11. But for what purpofe are they de- 
figned? If they are not neceffary to the tritu- 
ration of the food, are we to fuppofe that they 
contribute in any other way to digeftion ? Do 
they create a keener appetite, or maintain a 
better ftate of health, as fome conceive? Are 
they 
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they found in the ftomach becaufe they are 
cafually mixed with the food, and as it were 
concealed by it; or, becaufe they are fwallowed 
by choice, and even fought after ? 

The firft queftions are already anfwered, 
or rather precluded, fince we have found, 
that birds unprovided with pebbles take their 
food, are nourifhed and grow juft as well, 
and are as britk and lively as others abound- 
ing with them; an obfervation I have made 
with fatisfa@ion upon ‘young pigeons, tur- 
kies, and chickens reared in the manner de- 
fcribed above (xxx, Xxx1). : 

xxxlit. The laft queftion will be readily 
folved, if grown up chickens take their food 
in the fame way as young ones; for thefe 
fwallow every thing that comes in their way. 
I have often fcattered amongft them various 
fubftances unfit for their nourifhment, fuch 
as pebbles, bits of brick, chalk, or other 
rubbifh, which they pecked with eagernefs, 
whether their ftomach was full or empty. 
One day I threw among fome chickens a large 
quantity of the little fifh, termed Lice by 
Conchologifts, which they devoured till their 
crop was full, juft as if it had been the motft 
agreeable food. If they retain the fame dif- 
pofition when full grown, we may reafonably 


conclude, that the colcatag: of pebbles is 
lefs 
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lefs the effect of choice than ftupidity; as the 
oftrich, according to Vallifneri and Buffon, 
devours without ano whatever comes 
in its way, fticks, and ftones, and cords, and 
glafs, and metals, &c. fuch is its dulnefs, 
and fo obtufe its organ of tafte (2). But 
when fowls are grown to their full fize, and 
‘when their natural inftin&, which lay dor- 
mant while they were young, comes to be 
unfolded, change their manners in this as 
well as many other refpects. A capon con- 
fined in a cage by Redi, died of hunger 
 fooner than it would fwallow pebbles offered 
to it in place of food (4). With me alfo three 
hens anda turkey,, kept confined, died in the 
courfe of a few days, when inftead of giving 
them food, I fcattered before them a quan- 
tity of fmall ftones. After their death, I 
found that the number of the ftones was the 
fame, though they would appear to be of the 
moft proper kind, having been taken from the 
ftomachs of other individuals belonging to 
the fame fpecies. When pebbles are mixed 
with the food, I have obferved, that poultry 
efpecially when hungry, pick them up and 
{wallow them. I fhould then incline to be- 


(2) Buffon Hift. des Oifeaux. T. 2. Ed. in 12. Vallifn. 
XDp< an fel 11. 
{#}-Degli Anim. viventi negli Anim, viventi. 
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lieve, that the ftomachs of thefe birds genc= 
rally contain-a quantity of {mall ftones; not 
becaufe they are fought for and felected by de- 
fign, as many fuppofe, but becaufe they fre- 
quently happen to be mixed with their food. 

xxxiv. Having fhewn that the pebbles 
are not the caufe of trituration of the food 
and other fubftances, we muft conclude, that 
it is the fole and immediate effect of the gaf- 
tric mufcles, which, as it is well known, are 
very ftrong, and compofed of firm and com- 
pact layers, and muft, therefore, when fet 
in motion, act with great force. ‘To be more 
fully fatisfied of this, let the ftomach of a 
dog, fheep, or a man be compared with the 
gizzard of a duck, turkey, or goofe; we 
fhall then perceive the enormous difference 
between the thick mufcular coat of the one, 
and the thin one of the other. 

xxxv. The internal coat, or that voliich 
immediately lines the cavity of the ftomach, 
deferves particular attention. In many ani- 
amals, and in man himfelf, it is foft and 
villous; but in gallinaceous birds it is hard 
and cartilaginous. When feparated from 
the next, which anatomifts call the ner- 
vous coat, it foon becomes dry and very 
hard. In turkies and geefe, in which it is 
thicker and ftronger sai in common fowls, 
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I have often diffe@ed it away, and f preading 
it upon a table, have drawn along it lancets, 
needles, bits of glafs, and fuch CE fub- 
ftances as are triturated in the ftomach with- 
out any perceptible injury to it. If indeed I 
prefled with confiderable force, thofe parts, 
over which the keen bodies paffed, were 
difunited, whether it was feparated or ad- 
- hered to the other coats. | 
| xxxvI. But thefe fubftances may a& in a 
quite different manner when under the di- 
rection of the hand, than when fet in mo- 
tion by the gaftric mufcles, and when the 
internal coat is not extended but forms a ca- 
vity, as it does when the ftomach is entire. 
I therefore wifhed to know what happens to 
fubftances inclofed in the ftomach feparated 
from the animal, and prefled externally with 
the palms of both hands, andagitated in va- 
rious directions. The ftomach of a turkey 
hen was firft cleared of its contents by forcing 
them out through the pylorus, and then a 
large quantity of fharp pieces of glafs were 
introduced, which were kept in motion for 
a quarter of an hour by preffure and percuf- 
fion on the outfide of the ftomach. I was 
in hopes, that I fhould thus, in fome mea- 
fure, imitate the natural motion.’ Nor was 
the expedient altogether ineffectual; for the 
internal 
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|. internal coat was only perforated with two_ 
little holes, fuch as the point of a needle 
would have made, and yet part of the glafs 
was reduced to powder, and part had loft its 
fharp edges. Different effects then are pro- 
duced, med this coat is fubmitted to ex- 
periment after it has been removed from its 
natural fituation, and when it adheres to the 
others. Neverthelefs I am willing to allow, 
that how it fhould be capable of blunting and ° 
_ breaking the keeneft bodies without fuftain- 

ing any injury itfelf, ftill continues a matter 
of great furprize. 

XXXVII. But if the infide of the gizzard be 
certainly agitated fo violently during the tri- 
turation of the food, will not the motion be 
perceptible on the outfide? Reaumur, indu- 
ced probably by this reflection, laid open the 
abdomen of fome of the fowls in queftion, 
and watched the ftomach, but could not per- 
ceive what he perhaps imagined took place. 
They always feemed perfettly at reft, except 
the gizzard of a capon, which contracted and 
dilated alternately ; he moreover faw certain 
flefhy cords moving in an undulating direc~ — 
tion, but very flowly and gradually (a). 


(a) Mem. cit. 
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xxxviir. I have perceived fimilar motions 
in two turkey cocks. Upon preffing the 
ftomach forcibly with my hand, I felt a flight 
pulfation that produced a fenfation of creep- 
ing, but was foon aware, that this was owing 
only to the beating of numerous. little ar- 
teries, which run upon the furface of the 
vifcus. When a perforation is made in the 
heart of a living animal, and a finger intro- 
duced through it, it is well known that 
ftrong preflure is felt at the time of its con- 
traGion. I made this experiment upon the 
gizzard of a duck, but was not fenfible of 
the flighteft compreflion. 

Conceiving that the ftomach mutt exert 
its principal action when it is irritated by fub- 
{tances filling its cavity, I introduced fome 
nuts into the gizzard of a turkey hen, that 
had been kept fafting fora day. During the 
whole time I watched it attentively, through 
an opening made’ in the abdomen; when it 
had received only a few nuts it fhewed no 
fign of motion, but when it was nearly full 
it fwelled violently, and then collapfed again 
of a fudden.. Thefe alternations were fome- 
| times general, and at others confined to a 
narrow fpace; they did not continue ten 
minutes, probably becaufe the aperture of 
the abdomen was bringing on the death of 
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the animal. The nuts were unbroken, but 
evident contufions appeared upon their fur- 
face. This diftin& view of the motions of 
the ftomach I afcribe to unufual good for- 
tune, fince, with the exception of only one 
other turkey, the ftomachs of many birds of 
the fame clafs remained at perfect reft, after 
they had been filled in the fame manner. If 
however we confider the very morbid ftate 
of the animal when the abdomen is laid 
open, we fhall not be much furprized at this 

phenomenon. 
exxix. The various fa&s related in the. 
preceding paragraphs irrefragably prove, that 
the food of ducks, fowls, geefe, partridges, 
&c. muft undergo the mechanical action of 
° the gaftric mufcles, before it can be broken 
down, and reduced to an impalpable pulp. 
But are we to fuppofe, that digeftion depends 
on this action, and that fimple trituration 
converts the aliment into that pultaceous 
mafs denominated Chyme? Or rather, that 
this mafs is generated by means of juices 
either prepared or collected in the ftomach ; 
and that trituration is a co-operating, but 
not the immediate caufe of digeftion ? I ima- 
gined that the tubes and fpherules, which 
had already afforded me fo much information, 
would not now be without their ufe. If the 
| gaftrie 
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Baftric juices convert into chyme the food 
which trituration has prepared for digeftion, 
let fome food fo prepared be inclofed in the 
tubes and fpherules, and let us fee whether 
it will be diffolved according to this hypo- 
thefis; for then it muft be thoroughly foaked 
in thofe juices. I accordingly filled a tube 
and fpherule with crumb of wheaten bread 
mafticated, and introduced both into the 
gizzard ofahen. In three and twenty hours - 
they were taken out, when the bread was 
much diminifhed in quantity, efpecially at 
the ends of the tube, where it was alfo fofter 
than at firft, and had acquired a bitter tafte. 
The fame tube and fpherule were forced into - 
the gizzard of another hen, where they re- 
mained fourteen hours; after which there 
was no appearance of bread in either. 

xL. I repeated this experiment upon 4 
third hen, with bread of maize inftead of 
wheat; the tube and {phere were emptied in 
a day and half. As there was here no tritu- 
ration nor any other power, except the action 
of the gaftric fluid, it feemed reafonable to 
conclude, that this fluid had diffolved and 
converted the bread into chyme, and fo 
- enabled it to pafs through the holes in the 
receivers. A doubt however fuggefted itfelf, 
and kept me in fufpenfe; wi sthout fuppofing 
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the tranfinutation of the bread -into chyme, 
the gaftric fluid by merely diluting it, like 
water, might render it capable of pafling out 
of the tubes and fpherules. 

xLI. A fubftance not foluble by fimple 
maceration, and at the fame time fofter than 
grain, upon which the gaftric juices have no 
action (III, Iv, Vv, VI, VII.), was wanting 
to clear up the doubt. Flefh feemed to cor- 
refpond to this defcription., Flefh is digefted 
by many birds with gizzards, which for the 
moft part are both frugivorous and grani- 
vorous; I therefore filled four tubes with 
veal (a) bruifed very fmall in order to fupply 
the want of trituration, and forced them into 
the ftomach of a hen. They were taken out 
in twenty-four hours, and the flefh was in the 
following ftate: In the tube that came firft 
_ to my hands it did not amount to above one- 
twentieth of its original bulk, in two others 
it had fuffered nearly the fame diminution; 
the only difference appeared in the fourth, 
which was not open at both extremities like 
the other three, but clofed at one end with a 
circular plate of iron. The flefh contiguous 
to the plate preferved its red colour and na- 


| 
(2) Wherever I mention flefh without an epithet. I mean 
raw fleth. 
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tural confiftence, and did not feem at all 
wafted; but at the open end it was reduced 
to two thirds of the length of the tube, of 
which it had at firft occupied the whole; the 
part that continued firm and red retained the 
true flavour of flefh; at the oppofite end it 
had entirely loft that flavour, and the furface, 
to the depth of a full line, was befides re- 
duced toa pulp, and had acquired a cineri- 
tious colour. The inconfiderable refiduums 
in the other tubes were altered in the fame 
manner. 

The immediate confequences of thefe ex- 
periments are felf-evident. The remarkable 
diminution of the fleth arofe from its having 
been in great meafure diflolved and digefted ; 
for all Shidialoeed is agree in confidering the 
change of colour and tafte, and the tranfmu- 
tation of the food toa pultaceous mafs in the 
ftomach, as the characteriftic marks of digef- 
tion. The three tubes, of which the frien 
were perforated and the ends open) admitted 
the gaftric liquor at every part. Hence a 
confiderable wafte of the flefhinthem. The 
cafe was different in the tube clofed at one 
extremity, and nothing can be more obvious 
than the reafon; for as the liquor could only 
enter at one end, it could only there diffolve 
the flefh, 
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xLil. This experiment decifively proves, 
that the gaftric liquor was the caufe of di- 
geftion in the prefent inftance; and it was 
eafy to forefee, that others upon the fame clafs 
of birds would be attended with the fame re- 
fult. Some tubes filled with fleth were next 
introduced into the gizzard of a very large 
turkey cock, but the lattice work at the open 
ends, though it confifted of iron, could ill 
withftand the action of fuch powerful muf- 
cles. Upon examination feven hours afters 
wards, it was found feparated from the tubes, 
and coiled up in one mafs near the pylorus, 
in the mid of the pebbles and fcorie of the 
food, fome of which were jammed fo tight 
in the tubes, that there was difficulty in for- 
cing them out with the point of a penknife, 
I could not perceive the fmalleft fragment of | 
flefh amongft them, and remained in doubt 
whether it had been digefted, or expelled by 
 thefe extraneous bodies. I refolved to fub- 
mit this {pecies of bird to further experiments, 
but was obliged to abandon the tubes, and 
have recourfe to the hollow fpherules, of 
which I have fpoken above (vii), They 
were made thick and ftrong, with many {mall 
pores over the whole furface, in order to ob- 
viate two inconveniencies, the one left the re- 
ceivers fhould be unable to refift the violent 

impulfes 
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impulfes of the ftomach, the other to prevent 
the matters comprefled and agitated by the 
action of the mufcles from entering fo readily ' 
into them. Two of thefe fpheres were given 
to a turkey cock eleven months old, and in 
twenty-four hours were taken out of the giz 
zard, . They contained at firft about twenty- 
eight orains each of beef and veal bruifed 
very fmall. Upon opening them after the 
fame interval as before, and weighing the 
flefh, the beef was found to have loft nine, 
and the veal thirteen grains. I muft not how- 
ever omit to remark, that they were both 
fully impregnated with gaftric liquor, and 
confequently would have weighed ftill lefs if 
they had been free from it. The beef and 
veal, when touched with the point of a knife, 
feemed tenderer than in their natural ftate, — 
and refembled a foft pafte rather than flefh. 
They had the bitter tafte of the gaftric juice 
with which they were impregnated, and the 
colour approached more to white than red, 
They were replaced in the fphere, and kept 
twelve hours in the gizzard of another tur- 
key-cock. Upon a frefh examination, the 
beef weighed only eight, and the veal only 
five grains. The gaftric fluid had therefore 
produced a new folution, and this procefs 
was entirely completed after the fpheres, inte 
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which the flefh was put for the third time, 
had continued five hours in the ftomach of a 
third turkey cock. © 

xLIII. Flefh is digefted by the gaftric li- 

_ quor of geefe as well:as of turkies. Eleven 
grains of beef, inclofed in a fpherule, were 
entirely diflolved in two days in the gizzard 

. of one of thefe large birds. 
.. I will:not deferibe three other refults ob- 
tained, one froman hen, and the two others 
from two capons; fince, with refpe& to the 
digeftion of the flefh, they are pica like 
thofe juft mentioned. 

All thefe expériments were made with 
fleh bruifed very fmall; this condition is not 
indeed indifpenfably requifite, but it very 
much promotes digeftion. The bruifed flefh 
was always diffolved in two days, but when. 
entire that procefs was not completed in four, 
and fometimes not even in five days. The. 
reafon of this difference is obvious. The 
more flefh is bruifed, the larger furface does 

ay acquire; and in proportion to the’ increafe 
of furface, more points are expofed to the 
action of the gaftric liquor, which will con- 
fequently fooner complete the folution. 

xLiv. Before I proceed further and con- 

clude the prefent differtation, I muft notice 
an experiment of Reaumur, which does not 


perfectly 
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perfectly agree with thofe juft related. The 
greateft part of his memoir is employed in 
fhewing the great forcé of the gizzard of gal- 
linaceous fowls in triturating the food; in 
the remainder he endeavours to prove, that 
this vifcus contains no menftruum of fuffi- 
cient SAI to produce folution. In fup- 
port of this propofition, befides the argument 
derived from barley continuing entices 
within the tubes, he adduces the following 
fact, which requires to be particularly re- 
lated. It is well known, how greedily ducks’ 
devour, and how foon they digeft, flefh. In 
order therefore to obtain the information he 
wanted, Reaumur had recourfe to this bird. 
Having provided fix tubes, four of lead, and 
two of tin, he inclofed in the former bits of 
veal of the fize of a grain of barley, and in the 
latter fome confiderably larger. "Thefe fix 
tubes he gave to a duck at different times ; 
viz. a leaden one at ten o'clock in the morn- 
ing, and another at eight in the evening; 
next day a third was given at fix in the morn- 
ing, together with the two tin tubes; laftly, 
at nine the fame morning the animal was 
made to fwallow the laft leaden tube, and at 
ten was killed. Of the four leaden tubes, 
one was voided the preceding day at nine in 
the evening; it was that which had been 

taken 
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taken at ten in the morning; the other five 
remained in the gizzard, and the flefh was 
not only entire, but as firm as at firft. Some 
of the pieces retained their: red colour, three 
of them however had lott if Of fome of t 


. tubes the whole capacity was ‘no longer filled 
by the flefh; not that it had fuffered any dit 


minution, but becaufe it was comprefled by 
the ftones and food, which had been admit. 
ted at the open ends of the tubes. From this 
experiment Reaumur infers, that no men». 
ftruum had acted on the flefh, fince it was not 
either comminuted or diflolved. And though 
he does not affirm, that in the gallinaceous 
clafs digeftion is the effect of trituration alone, 
he yet concludes, that the gizzard contains 
no folvent capable of decompofing and di. 
gefting the aliment. 

xLv. What has been above related, fhews 
how far Reaumur’s conclufion ought to be 
extended; when we {peak of aliment of a 
hard and compact texture, fuch as feeds, it 
muft be allowed, that the gaftric liquor has 
no action upon them (11, II, IV, v, VI, 
vit.); but when we are confidering food na- 
turally tender, as flefh, or fuch as is made fo 
by art, as grain in the form of mafticated 
bread, it muft then be allowed, that a perfect 
folution is effected by the gaftric juices alone 
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(XXxIX, SLA, Rey LIL}: dn Read 
mur’s experiment. the flefh remained fo fhort 
a time in the gizzard, that we cannot be fur- 
prized if it was not fenfibly diffolved. If we 
attend to the times at which he gave his 
tubes to the duck, and at which he killed it, 
we fhall immediately perceive, that the tube 
which continued longeft in the gizzard, re= 
mained in it only twenty-four hours; a {pace 


infufficient, according to my experiments on 


fowls, turkies, and geefe (xLI, XLII, XLIII.), 
for the gaftric liquor of thefe birds to diffolve 
any fenfible portion of flefh inclofed in tubes. 
I fhould however have condemned myfelf 
for a crime of omiflion, if, to the proof dedu- 
cible from analogy, I had neglected to add 
direct experiments on ducks. Upon two 
ducks therefore I repeated the experiment of 
the French Naturalift, with the following 
variation ; four tubes, each containing a bit 
of veal equal in fize toa barley-corn, were 
given toa duck; in two of the tubes the flefh 
was whole, but in the two others it had been 
previoufly cut into fmall bits: in fourteen 
hours the gizzard was examined; the four 
tubes were found in it; the two entire pieces 
of flefh were of their original fize, but in- 
clining to a white colour; the {mall bits 
were alfo about the fame fize as at firft, but 

were 
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were converted into a gelatinous pafte. The 
experiment was repeated upon another duck, 
which was not killed till the end of the fe- 
cond day; and now the tubes that had con- 
tained the minute bits of flefh were entirely 
empty; and in the others, only fome flight 
traces of a gelatinous concocted matter re- 
mained. If we combine thefe facts with 
others before related, it will appear, that in 
the gallinaceous clafs, trituration and the 
gaftric fluid mutually affift each other in per- 
forming the important function of. digeftion ; 
the former by breaking down the aliment, acts 
as the pre-difpofing caufe; the latter, when 
it is thus prepared, penetrates into it, de- 
ftroys the texture, diffolves the particles, and 
difpofes them to change their nature, and to 
become animalized. ) 

xLvI. But what is the origin of this gat 
tric fluid, fo ufeful in digeftion? How is it 
mixed with the food? And what fucceflive 
changes does the latter undergo from the ac- 
tion of trituration, joined to that of the gaftric 
liquor? Thefe important queftions required 
a ftri& examination of the cfophagus and 
‘gizzard, as alfo of the food during its paflage 
through thefe parts, and continuance in them. 
As experiments are more conclufive, the 
greater the fcale is, on which they are con- 

ducted, 
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du&ted, I conceived that the larger fpecies, 
as geefe, turkies, ducks, and fowls, would 
be the belt fubjeéts for thefe enquiries. | To 
begin then with the cefophagus of a goofe, 
this canal at the end towards the mouth, has 
the appearance of an inflated inteftine; it is 
above a foot long, and at its origin about an 
inch in diameter, but widens as it defcends, 
for the fpace of fix inches and‘ more, when 
it contra&s like a funnel, then enlarges again, 
and this enlargement continues to the giz- 
zard. The cefophagus is membranous, its 
fides are ftrong and thick; they are thickeft 
at three inches diftance from the ftomach, on 
account of a flefhy fafcia, of which I {hall 
{peak below. If we look very attentively, 
we can perceive the whole cefophagus covered 
with points or elongated fpots, which are 
moft numerous juft set the funnel. The 
fafcia appears to confift of a multitude of cy- 
lindrical bodies, fomewhat larger than hufked 
millet-feed. Thefe bodies are feen through 
a fine membrane, which furrounds the fa- 
. {cia externally. 

xLvil. If the cefophagus be inverted, and 
the fpots examined by the help of a glafs, we 
plainly perceive that they are follicular glands. 
This likewife is confirmed by the appearance 
of moifture on the efophagus, when they are 
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prefled. But the follicular glands that appear 
through the flefhy fafcia like cylindrical bo+ 
dies, bau than millet, as we before ob- 
ferved (xLvi), are far more eafily diftinguifh- 
able, becaufe far larger. This fafcia, which 


encircles the lapthosi like a ring, is above | 


an inchin breadth, and about a line in thick- 
nefs. Great part of it is invefted by a cover- 
ing of a deep yellow colour, very thin and 
confequently very liable to be torn. When 
this is removed, the fafcia externally appears 
‘white and rough, on account of the number- 
lefs prominent papille, each of which has a 
palpable pore in the center. When the fafcia 
is ftretched, and ftill more when it is prefied 
between the fingers, a drop of whitifh turbid 
liquor gufhes out at each pore into the cefo- 
phagus; and it may be increafed, by con- © 
tinuing the dilatation or preflure. The li- 
quor is denfe, fomewhat vifcid, of a fweetith, 
and at the fame time faltith tafte. To com- 
prehend immediately that the pores are the 
. excretory ducts of the follicular glands lying 
below, requires very flight anatomical know- 
ledge: the glands appear very diftin&ly, when 
the. membrane in “ahs the pores are in- 
ferted, is removed. The follicles are of a 
pale red colour, and full of a turbid liquor, 

which 
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which oozes out from the excretory ducts, 
when the cefophagus is kept under water. 
xLviii. Below the flefhy fafcia, the cefo- 
phagus becomes membranous again for nearly 
the breadth of three quarters of an inch, 
when it is inferted into the gizzard. This 
organ is of the fize of the fift, remarkably 
hard, and of an irregular elliptical figure; 
when opened lengthwife at the thinneft part, 
it is divided into two large mufcles, each 


_. above an inch in thicknefs, and compofed of 


very compact fibres. It appears plainly, that 
the whole action of thefe great mufcles con- 
fifts in approximating with violence, and like 
the fides of a vice, crufhing and breaking to 
pieces all interpofed fubftances. As the ner- 
vous coat adheres to thefe ftrong mufcles, 


andas, however robuft, it might be injured 


by fuch impetuous fhocks, nature has faga- 
cioufly invefted it with a cartilaginous coat, . 
of a ftru&ture more capable of refiftance, 


‘which internally lines the cavity of the giz- 


zard. 

xLIx. In turkeys the cefophagus and fto- 
mach very nearly refemble the fame parts in 
geefe. ‘The former, however, is more mem- 
branous, and abounds more in follicular 
glands of a larger fize, and confequently more 
confpicuous. The excretory ducts may fix 
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i eafily feen, and the liquor as the fa may 


be readily forced out by preffure. This li- 
quor is tranfparent, and fomewhat vifcid; its 
tafte is rather fweet. But the cefophagus of 
the turkey has one peculiarity not found in the 
goofe ; it is provided with a burfa or bladder, 
well known under the name of the crop or 
craw. In this fpecies it is very large. The 

crop at the fides at leaft, if not at every part; 
is furnifhed with follicular glands, exactly like 
the others. At the lower part of the cefo- 
phagus we alfo find the flefhy fafcia, an inch - 
in breadth, and provided with follicles much 
larger than thofe of the crop or eefophagus, 
and in great abundance. The liquor feems 
to have the fame properties as in the goofe. 
It is vifcid, has a fweetifh and faltifh tafte, 
a turbid white colour, and confiderable 
denfity. 

The gizzard, whether its mani or the na- 
ture of its coats be confidered, is exactly like 
that of.the goofe, only weaker and fmaller 
in proportion to the inferior fize of the bird. 

L. I have obferved all that has been re- 
| lated with refpe& to the gizzard and folli- 
cular glands of the goofe and turkey in due 
proportion in the duck, common fowl, and 
even in {maller birds of the fame clafs, as the 
pigeon, partridge, wood-pigeon, turtle-dove, 

and 
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and desi with this peculiarity only, di in 
the duck the cefophagus, inftead of forming 
a crop; has the fame ftructure as in the goofe 
(xLvi). I fhall therefore omit a defeription 
of thefe parts, and proceed to confider the 
ftomach ina phyfiological light. 

«LI. In {peaking of this organ, I have never 
mentioned either follicles or glands; for in 
the fowls hitherto mentioned, I could never 
difcover any. The internal coat, from its 
cartilaginous nature, appears to be unfit for 
the infertion of glandular bodies; at leaft I 
was not able to find the fmallett veftige of 
them; nor did I fucceed any better in the 
nervous or mufcular coats, notwithftanding 
I examined them very narrowly.. Reaumur 
having obferved a vaft number of fhort white 
filaments between the cartilaginous and ner- 
vous coats, entertained fome fufpicion of: 
their being tubes or veffels, placed there in 
order to difcharge their contents into the fto- 
mach (a). Ihave found thefe filaments in 
all the gallinaceous fowls I have examined ; 
but cannot agree with him that they remain 
attached to the nervous, when the cartilagi- 
nous coat is feparated from it: for after fuch 
feparation, I have ever feen them adhere to 


(a) Mem. cit. | 
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the cartilaginous, never to the nervous coat ; 
but any perfon may readily make the trial. 
Thefe filaments are very numerous; they are 
pointed at the extremity, oppofite to that 
which is inferted into the cartilaginous coat, 
and refemble fhort white down, diftin@ly 
vifible by the naked eye in the larger birds; 
fuch as the goofe and turkey, but requiring 
the aid of a glafs to be feen in the fmaller 
fpeciess I have divided many of various fizes 
with the points of very fine needles, in order 
to difcover whether they were hollow or glan- 
| dular, but could never find any appearance of 
this kind: I have alfo {queezed them in order 
to fee if any liquor would ooze out, but to no 
purpofe: and fo far from fufpe@ing thefe 
filaments of Reaumur to be vafcular or glan- 
dular, I fhould rather fuppofe them to be 
merely for the purpofe of joining, or at leaft 
more clofely connecting the cartilaginous with 
the nervous coat. 

We fhall fee elfewhere, that fidati of 
the membranous kind, when they are taken — 
out of the animal and rubbed dry, foon be- 
come moift again: this moifture comes from 
invifible veflels and glands, difcharging their 
liquor into the cavity of the ftomach. I have 
made the fame experiment on mufcular fto- 
machs, but sati always continued dry; the 

fame 
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fame thing alfo took place, when I prefled 
them underneath, though this is a very ef- 
fectual means of accelerating and increafing 
the covering of moifture. Hence I have soci 
reafon to fuppofe, that the juices rite in 
mufcular {tomachs do not properly belong to 
them, but come chiefly from the cefophagus, 
and in part from the duodenum, as we fhall 
fee below. 

LII: Nature however, has not ‘ina. to 
provide the quantity neceflary for digeftion. 
‘ We have feen the vaft number of follicular 
glands with which the cefophagus is provided 
(RLVIy XLVII, XLVAII, XLIX:)5 they, mut 
needs pour in their liquor in great abundance. 
And experience confirms what reafon fuggefts. 
d introduced a fmall piece of dry fpunge, 
previoufly cleanfed from every impurity, into 
“the craw of a pigeon, in which it was left 
‘twelve hours; at the expiration of which 
time I opened the craw, and took it out. 
The fpunge was full of liquor, and on being 
{queezed into a glafs, afforded above an ounce. 
I employed larger pieces of fpunge in fowls 
and turkeys, and obtained more of this cefo- 
phageal liquor; the quantity in a turkey 
‘amounted to feven ounces in ten hours. A 
fimilar liquor is procured in equal abundance, 
from fuch cefophagufes as are dilated into a. 
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large canal, inftead of a craw, as in ducks 
and geefe, (xLvi, L.). This fluid is un- 
doubtedly defigned to foften the food which. 
remains a certain time in the craw, or in the 
large canal; which not only difpofes it to be 
more readily broken down, but very probably 
alfo communicates to it fome quality that 
renders it more eafily digeftible. But it is 
likewife certain, as I have found from expe- 
riment, that a confiderable part of this fluid 
defcends into the ftomach; not to mention 
that denfer and more vifcid liquor which dif- _ 
tils from the flefhy fafcia, lying at the bottom 
of the cefophagus, (xz VI} XLVIITE 

Litt. Thefe various cefophageal juices ac- 
quire in the ftomach a bitter flavour, refem- 
bling that of the food in this vifcus: and as 
this tafte exactly refembles that of the bile, 
which in thefe animals is difcharged through 
the cyftic duct into the duodenum, I am tho- | 
roughly perfuaded that it arifes from this 
fource, in confequence of the bile regurgi- 
tating into the cavity of the ftomach, and 
being mixed: with the food and cefophageal 
liquors collected there. I am confirmed ‘in 
this perfuafion bv other fa&s, for the relation 
of which I fhall find a more convenient place; 
| not to mention the well known circumftance 


of 
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of the bile being found in the ftomach of va- _ 
rious animals (a). 

tiv. This colleGion of divers liquors i in 
the gizzard of our fowls, ferves as a men- 
ftruum for the food, and difpofes it to be 
tranfmuted intochyle. But the firft ftep to- 
wards this event is taken in the craw. It is 
there that the aliment is penetrated by the 
cefophageal liquor, and begins to change its 
fmell and tafte: that of the hardeft texture is 
prepared to be broken down when it difcends 
into the ftomach, which in thefe birds may 
be faid to fupply the place of teeth. | 

But the way in which the food defcends 
from the mouth into the ftomach, is deferv- 
ing of attention. When our fowls are abun-. 
dantly fupplied with meat, they foon fill their 
craw: but it does not immediately pafs hence 
into the gizzard, nor does not arrive there till 
after it has been macerated in the craw: it 
always enters in.very fmall quantity, in pro- 
portion to the progrefs of trituration in the 
ftomach. Here then, what happens in a 
mill, may be obferved to take place. A re- 
ceiver is immoveably fixed above the two 
large {tones which ferve for grinding the corn; 


oe 
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this recciver lets the corn which it contains, 
fall continually in {mall quantity into the cen- 
tral hole in the upper ftone, through which 
it paffes, and diffufes itfelf in the void {pace 
between the two ftones, where it is broken 
down, triturated, and pulverized by means 
of the ftrong friction of the upper ftone that 
moves round with great velocity upon that 
below... Meanwhile the flour pafles from be- 
tween the ftones, as fubftances triturated by 
the gizzard, and diffolved by the gaftric ] juices, 
are ex pelled through the aio into the 
{mal] inteftines. 

Lv. All this may be obferved, by infpect- 
ing the alimentary canal during the time of 
digeftion. Ifthe bird has fed upon grains, 
they are found in the cavity of the gizzard, 
partly entire, but foftened by a fluid. That 
part of the cefophagus that lies between the 
end of the crop and the beginning of the fto- 
mach, eithe contains no grains at all, or 
only a few quite entire. Trituration takes 
place in the gizzard only. Thofe which have 
firft entered this cavity, are found to have 
loft the farinaceous fubftance, and are re- . 
duced to mere bran; the fucceding ones are 
more or lefs broken, and the laft are entire. 
Amid this mixture of bran, and broken and . 
entire grains, we always find a femi-fluid pul- 

taceous 
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taceous mafs of a whitith yellow colour, 
This is the farinaceous parts of the grains de- 
compofed by the gaftric liquor, and converted 
into chyme. Meanwhile frefh grains con- 
tinue to fall into the gizzard, in order to un- 
dergo the fame tranfmutation: this admirable 
procefs continues as long as any grains con- 
tinue to fall into the ftomach, 

Thefe appearances and changes take place 
alfo in animal fubftances, whenever birds with 
mufcular ftomachs feed upon them. 

‘LvI. At whatever time the ftomachs of 
| thefe birds happen to be opened, they always 
contain a certain quantity of gaftric liquor,. 
But it is lefs abundant when theyare full of 
food, (being in this cafe abforbed by the food) 
than when they contain little or none. If 
| we with therefore to be provided with a large 

uantity of this liquor for experiments, it 
fhould. be taken from the empty ftomach, 
Befides, in this cafe it is purer than when 
mixed with the food, When examined in a 
ftate of purity, its tranfparency, if we except 
a flight yellow tinge, is little inferior to that 
of water. It has likewife the fluidity, but. 
not the infipidity of water, being always a 
little bitter, as well as falt. I have found. 
| that the gizzards of turkeys and geefe abound 
motti in gaftrio juices, probably on acgount of 
93” their 
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their fuperior fize. I was induced by the 
quantity they afforded to attempt an experi- 
ment, which if it fucceeded, would ftill fur- 
ther prove that trituration is only an affifting 
or predifpofing, and not the efficient caufe of 
digeftion. It confifted in trying, whether 
thefe juices retain their folvent power out of 
the ftomach. For this purpofe, I took two 
tubes fealed hermetically at one end, and at 
the other with wax: into one I put feveral 
bits of mutton, and into the other feveral 
bruifed grains of wheat, and then filled them 
with the gaftric liquor. In order that they 
might have that condition which in thefe 
animals precedes digeftion, they had been 
macerated in the craw of a turkey cock. 
And as-the warmth of the ftomach is proba- 
bly another condition neceflary to the folution 
of food, I contrived to fupply it by commu- 
nicating to the tubes a degree of heat nearly 
equal, by fixing them under my axille. In 
this fituation I i them at different inter- 
vals for three days, at the expiration of which 
time I opened them. The tube with the 
grains of wheat was firft examined; moft of 
them now confifted of the bare hufk, the 
flour having been extracted, and forming a 
thick grey fediment at the bottom of the tube. 

The fiefh in the other tube was in great mea- 


fure 
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fure diffolved, (it did not exhale the leaft 
putrid fmell) and was incorporated with the 
gaftric juice, which had become more turbid 
~ and denfe. What little remained had loft its 
natural rednefs, and was now exceedingly 

tender. Upon putting it into another tube, 
and adding frefh gaftric liquor, and replacing 
it under the axilla, the remainder was diffolved 
in the courfe of a day. 

I repeated thefe experiments with other 
| grains of wheat bruifed and macerated in the 
fame manner, and likewife upon fome flefh 
| of the fame kind, but inftead of gaftric juice 

I employed common water. After the two 
tubes had remained three days under my 
_axille, I found that the grains, where they 
were broken, were flightly excavated, which 
was occafioned by an incipient folution of 
the pulpy fubftance. The flefh had alfo un- 
dergone a flight fuperficial folution, but in- 
ternally it appeared fibrous, red, firm, and 
in fhort, had all the characters of flefh. It 
was alfo putrid; ‘the wheat too had acquired 
fome acidity, two circumftances, neither of 
which took place in the grains and flefh im- 
merfed in the gaftric liquor. Thefe facts are 
then irrefragable proofs that the gaftric juice, 
even out of its natural fituation, retains the 

power 
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power of diffolving animal and vegetable fub- 
fiances in a degree far fuperior to water. 

. kite The sui juice which I employed 

was taken from a turkey. That of a goofe 

produced fimilar effets. I have further 


found, thatin order to operate the folution of 


animal and vegetable fubftances, this juice 
fhould be frefh, It lofes its efficacy, when 
it has been kept fome time in veffels, efpeci- 


ally if they fhould happen to be open, It alfo 


becomes inefficacious after it has been ufed 
for one experiment. Laftly, a confiderable 
degree of heat, equal to the temperature of 
man or birds, muft be applied ; otherwife, the 
gaftric juices are not more effectual in diflolv- 
ing fleth and vegetables than common water, 


_ This artificial mode of digeftion is well cal. . 


culated to anaes the fubject I have unders 
taken to treat; but I thall have opportunities 
of {peaking = itat greater length i in the fub- 
fequent differtations, ) : 


tage i a 
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DISSERTATION I. 


CONCERNING THE DIGESTION OF ANI-« 
MAL&8 WITH AN INTERMEDIATE STO- 
MACH. .CROWS, HERONS, | 


4 
r 


Di” 


prata ; Y the term intermediate ftomach, 
| I mean fuch a ftomach as, on 
the one hand, is not properly mufcular, that 
is, provided with thick and ftrong fides, as 
in the gallinaceous family (1.); ve on the 
other, is not merely membranous, that is, 
very thin, as in birds of prey and man, but 
has an intermediate degree of thicknefs and 
ftrength. The ftomachs of both the raven (2) 
and grey crow (6) may be confidered in this 
light, though in reality they approach nearer 
to the mufcular than the membranous clafs. 


(a) Thefe two fpecies are called by Linnaus, Corvus cine» 
rafcens, capite, jugulo, alis caudaque nigris. 

Corvus ater, dorfo atro-ccerulefcente, cauda fubrotunda. 

{) The hooded crow of Pennant. Corvus Cornix L. 


The 
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The intermediate power of thefe ftomachs 
contributes alfo to characterize them; it is 
very far from being equal to the force’ of muf- 
cular, but greatly exceeds that of membran- 
ous ftomachs. Such tubes of tin, as doves 
and pigeons would flatten and disfigure with 
the greateft cafe, remain unaltered in the fto- 
mach of crows. Thus alfo grain is tritu- 
rated by the former, but continues whole in 
the latter. Their gaftric mufcles however are 
not «inert. “They exert a certa depree “rst 
action, but it is far inferior to that of the 
gizzard in the gallinaceous clafs. Thus, 
though they cannot comprefs tin tubes, they 
are capable of producing this effect upon 
tubes of lead, provided they are very thin: 
and thofe that continue unaltered at firft, are. 
at length flightly incurvated or diftorted at 
the edges, and generally filled with frag- 
ments of the food, evident marks of confi- 
derable action in the gaftric mufcles; there 
are no effeéts which fhew fuch action in ani- 
| mals with membranous ftomachs, as we fhall 
find in its proper place. I have often feen 
thefe phenomena, having kept a great num- 
ber of grey crows and ravens, which have 
been very ferviceable in the courfe of my en- 
quiries, as the reader will learn from a perufal 
of the prefent differtation. | | 
| #1x. Théfe 


DISSERTATION Il. 61 


tix. Thefe birds may, as well as man, be 
denominated omnivorous. Herbs, grafs, feeds 
of leguminous plants, flefh of every kind, 
alive or dead, ferve equally for their nourifh- 
ment. As the powers for the concoétion of 
various aliments, poflefied by thefe {pecies are 
either entirely the fame as, or ftrongly refem- 
ble thofe of man, it is obvious, that the 
knowledge obtained from them will greatly 
illuftrate the procefs of digeftion in us. They 
.. befides feem formed on purpofe to forward 
— the views of the obferver. When we with 
. to know what changes have been produced 
in fubftances inclofed in fpheres and tubes, 
and given to gallinaceous birds, it is neceflary 
to extract the tubes and fpheres from. their 
gizzards; that is, it is neceflary to kill them. 
Hence for every experiment we muft facri- 
fice an individual, at no fmall expence to our 
philofophical curiofity. On the contrary, 
we can perform fuch experiments upon crows 
as often as we pleafe, without: deftrowing a 
fingle individual. | With refpe& to fubftances 
they are incapable of digefting, fuch as the 
above-mentioned metallic. receivers I have. 
difcovered, that they poffefs the privilege of 
returning them through the mouth, as birds 
of prey vomit the feathers and hair of the ani- 
mal they have devoured, a circumftance well 
known 
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known both to naturalifts, and thofe who 
train falcons for the field. But whereas this 
vomiting generally takes place every twenty- 
four hours in birds of prey, in crows it hap 
pens at leaft every nine, and commonly every 
two or three hours. | 

. As I obtained the fame refults from 
oe fpecies, I fhall employ in my narration 
the generic name only (a). My obfervations 
were begun in winter, the moft convenient 
feafon for procuring a large number, owing 
to the multitudes, efpecially of ravens, with 
which Auftrian Lombardy, and indeed almoft 
all Italy then abounds. Al! the crows which 
I could obtain, had when newly taken, a 
large collection of pebbles in the ftomach ; the 
biggeft were of the fize of {mall pic the 
leaft of that of millet: they were of various 
forts; I even found rounded pieces of brick. 
But in lefs than ten days not a {tone remained 
in the body, a circumftance which I learned 
from the infpéction of feveral ftomachs, when 
I had occafion to kill fome crows in order to 
obferve the anatomical ftruAure: of the ali: 
mentary canal. ‘They were voided pattly at. 
the anus, as appeared sam the exerements, 


x 
(a) Corvus is the generic namie in Latin, and Cornachcia 
in Italian, and Crow may very well ferve for it in Englifh. 


and 
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tind- partly by the mouth; in the latter in- 
{tances they were glued by the gaftric liquor 
to the outfide of the tubes which I had forced 
them to fwallow, and which they afterwards 
threw up. When unprovided with pebbles, 
they continued to eat and were nourifhed as 
well as before. Hence it is to be inferred, 
that they are not more neceflary to digeftion 
in birds with intermediate, than in thofe with 
mufcular ftomachs, as we have feen above 
(xxxI). Andas I inclined to believe, that 
the laft mentioned clafs do not pick up thefe 
ftones from choice, but by mere accident 
(xxxI111); fo I confider the matter likewife 
with refpe& to crows, having obferved, that 
though unprovided, they never peck them 
eagerly, even when hungry, but fwallow 
. them only when they happen to be mixed on 
purpofe or by chance with their food, and as 
it were concealed by it. 

Lx1. I began my experiments by putting 
whole beans or grains of wheat in the tubes (a). 
The reader will eafily perceive, that crows 
are not fo ftupid as to take the tubes fpon- 
taneoufly, but that it is neceflary to force 
them down the throat, and to pafs the finger 


(4) Thefe tubes were the fame I ufed for gallinaceous fowls, 
and I continued to employ them in the fequel. 


along 
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along with them till they are got into the 

ftomach. This I executed in the way I had 
before done in animals with mufcular fto- 
machs (111). The tubes were all thrown up 
in the fpace of three hours. ‘The beans and 
wheat appeared as at firft, excepting that they 
were fomewhat foftened and {welled by the 
gaftric juice, which had penetrated a little 
way into them. I replaced the grains in 
the tubes, and introduced them again into 
the ftomach, where they remained two 
hours longer, without undergoing any further 
change. I repeated the fame experiment a 
great number of times, and upon computing 
the fpace during which the tubes had con- 
tinued in the ftomach, I found that it amount- 
ed to. forty-eight hours; in this interval the 
feeds had dii no other alteration, except 
in being a little more moiftened. The gaf- 
tric fluid is therefore incapable of effecting 
the folution of thefe vegetable matters. "i 

Lxi1. But we have cia faid, that they 

were entire; on which account, it could not 
act. upon the farinaceous fubftance of, the 
grain till it had traverfed the hufk; and this 
mitt have diminifhed its efficacy. In order 


, to determine how far this fufpicion was well- 
founded, it became neceflary to repeat the . 


experiment upon the fame feeds bruifed. 


Accord- 
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_ Accordingly four tubes full of the coarfe flour 


si 


were given to a crow: they remained eight | 
hours in the ftomach, and proved the juftnefs 
of my fufpicion ; for upon examining the con- 
tents, I found above a fourth part wanting. 
This could arife from no other caufe but fo- 
lution in the gaftric liquor, with which the 
remainder was fully impregnated. Another 
obfervation concurred to prove the fame pro- 


pofition: the largeft bits of wheat and bean 


were evidently much diminifhed; this muit 
have been owing to the gaftric liquor having 
corroded and diffolved good part of them, as 
the nitrous acid diluted with a large quantity 
of water, gradually confumes calcareous fub- 
ftances. I replaced what remained of the 
feeds in the tubes, and introduced them again 
into the ftomach, wherein they remained, at 
different intervals, twenty-one hours; when 
they were entirely diffolved, nothing being 
_ left but fome pieces of hufk and a tar incon- 
| fiderable fragments of the feed. 


Exiit. Wheat and beans floating loofe in 


. the cavity of the ftomach, undergo the fame 
_ alteration as in the tubes. When I fed my 
— crows with thefe feeds, I obferved, that be- 


fore they fwallowed them they fet them un- 

der their feet, and reduced them to pieces by 

repeated ftrokes of their long and heavy beaks. 
Von. I, ae * Ang 
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And now they digefted them very well; nay, 
this procefs was very rapid in comparifon of 
that which took place within the tubes. But 
when the birds either from exceffive hunger 
or violence fwallowed the feeds entire, the 
greateft part of them pafled out entire at the 
anus, or were returned by the mouth. We 
‘cannot therefore be furprized, that the gaftric 
juice could not diffolve them within the tubes, 
fince it was incapable of effecting this pro- 


cefs within the cavity of the ftomach, where 


its folvent power is far fuperior. 

LxIv. To avoid prolixity, I fhall not {peak 
of other feeds fubmitted to the fame experi- 
ments; fuch as chicken-peafe, French beans, 
peafe, and nut-kernels. I will rather men- 
tion vegetable matters of a fofter and more 
yielding texture, which did not require to be 
broken down in order to be diffolved; fuch 
as cruinb of bread and apples. Thefe fub- 


{tances were not’ only diffolved within the 


tubes, but required a much fhorter time than | 


beans and wheat. Several bits of a ripe ap- 
ple, weighing together eighty-two grains, 
and inclofed in tubes, were diffolved in the 


“at 


4 


* 


fpace of twenty-four hours in the ftomach of - 


acrow. Four bits of another apple, weigh- 
ing an hundred and three grains, were dif- 
folved in little more than fifteen hours. Of 

an 
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an hundred and feven grains of crumb of 
wheaten bread, there only remained eleven 
in the {pace of thirteen hours. 
-Lxv.°From vegetable I proceeded to ani- - 
. mal fubftances. The eagernefs which crows 
fhew for thefe afforded a certain prefage, that 
they would be diffolved within the tubes. . I 
filled eight tubes with beef, and gave them 
to four crows, two to each. The flefh was 
not bruifed fmall, as in the cafe of gallinaceous 
fowls (xL11), but each tube contained a whole 
piece. An hour had fcarce elapfed when one 
was thrown up. ‘The flefh, upon examina- 
tion, did ngt appear to be fenfibly diminifhed, 
but it was thoroughly foaked in the gaftric li- 
quor. The juice wasa little biter’ and of a 
yellowifh gteen colour; the fiefh had acquired 
the fame alte and colour in feveral places. 
“In an hour and three quarters two other tubes 
were vomited up; and now the flefh began to 
i marks of folution. The red colour was 
‘ changed to a dark cineritious hue, and the 
Mughal furface was become flabby, and the co- 
hefion of the parts was _deftroyed. In ano- 
ther tube, difcharged in two hours and an. 
half, the folution had made a greater pro- 
grefs. A dark covering of jelly furrounded 
‘the flefh, which on being touched, adhered 
to the fingers; and when applied to the 
ce 3A Fa ; tongue, 
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tongue, hardly exhibited the flavour of fleth. 
‘The folution had proceeded ftill further in four 
hours, when two other tubes were thrown 
up; in which the flefh did not amount to half 
the original quantity. The remainder was 
{urrounded by the fame gelatinous covering; 
,under which it preferved its natural colour, 
fibrous {tructure and favour. There remained 
only two tubes, which were vomited up fe- 
ven hours after they had been taken. Both 
were empty, the flefh therefore had been 
completely diffolved, except a few bits of 
jelly that adhered to the infide. I never could 
perceive the fmallet token of putrefaction 
either during the progrefs, or at the comple- 
tion of the folution. And this obfervation, 
that I may not be under the neceflity of re- 
peating it continually, is to be extended to all 
the folutions performed not only by other 
crows, but by all the animals that I fhall have 
occafion to mention in this work; for I can 
alee the utmoft confidence, that I have 
ever been fenfible of the flighteft ftencl 
Sher in flefh or any other i which ti 
introduced in tubes or any other way. 
Nothing could be more fatisfactory than 
the information obtained from this experi- 
‘ment. It not only som ce | demonftrates, 
that the gaftric liquor of crows is the folvent 
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of fleth inclofed in tubes without borrowing 
the leaft aid from trituration, but it throws 
{till ftronger light upon the mode of operation 
of this menftruum in the gallinaceous clafs. 


| It begins by foftening the texture and altering 


ee 


the colour; next fucceeds the de-compofition 
of the parts; this tranfmutes the flefh into a 
kind of jelly of a tafte different from that of 
flefh: the jelly is then more thoroughly pe- 
netrated by the juice and extracted out of the 
tubes, and in the ftomach it is changed into 
chyle. It appears alfo, that this fluid does 
not penetrate deeply into the flefh, but acts 
on the furface only, diffolving and removing 
one layer at a time, if we may fo fpeak, like 
other corroding menftrua, until it comes to 
the innermoft part, which it alfo foftens and 
melts. / | | 7 
Lxvi. We have feen, that the fleth in the 
tubes fhewed no fign of. folution till an hour 
and three quarters had elapfed, and that this 
procefs was completed at the end of feven 
hours (Lxv). But are we to conclude, that 
‘this is the meafure of the time required by 
the gaftric liquor for this operation ? or that 
it would have been accomplifhed in a fhorter 
time, if the liquor had had free accefs to the 
‘fleth? for it is certain, that the tubes are no 
- fmall impediment to the gaftric juice. What 


PA 6 1° 3 then | 
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then would happen if the impediment was in 
part removed ? and what when it is entirely 
taken away, by putting the flefh loofe into the — 
ftomach? In order to folve the firft of thefe 
interefting queftions, I enlarged the perfora- 
tions in the fides of the tubes as much as 
poffible (vii), then filled. them with beef, 
as before (Lxv), and introduced them into 
- the ftomachs of feveral crows. I now had 
the pleafure to perceive the fuperior efficacy 
of the gaftric liquor. In an hour and an half 
three of the tubes were thrown up, and above 
a fourth of the flefh appeared to be waited. 
- Two other tubes were difcharged in lefs than 
two hours, and contained little more than 
half of their original quantity. And before 
the completion of the fourth hour, the re- 
maining tubes were entirely empty. 

Lxvil. Before I proceeded to the other 
queftion, I thought of inverting the fore- 
going experiment (LxvI), and inftead of al- | 
lowing freer accefs to the gaftric juice, of 
impeding it more and more, and at lat hin- 
dering it almoft entirely. I began with em- 
ploying the: ufual tubes wrapped in cloth ; 
this, although it was thin, was fufficient to 
prevent the folution of the flefh, which now 
did not begin to take place ati three hours 
after the tubes were IRROSUTeN into the fto- 

mach, 
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mach, and was not completed till ten sa 
elapfed. 

The linen in which the tubes had bid 
wrapped was fingle: I now doubled it in or- 
der more effectually, to hinder the ingrefs of 
the liquor, and repeated the experiment in 
the fame manner, The flefh fhewed no token 
of folution for four hours, and was not en- 
tirely diflolved for a whole day, 

Upon wrapping round another fold the fo- 
lution did not begin for nine hours, and in 
the {pace of a day the flefh was fcarce half 
confumed. In other refpects the gaftric juice 
had acted upon the flefh jutt as it doni in open 
tubes, excepting only the flownefs of its ope- 
ration. It was become externally gelatinous, — 
and incoherent in its parts. It was tinged 
yellow in feveral places ; the tafte and fmell 
at the furface were not different from thofe 
of the gaftric liquor, 

I concluded thefe experiments, by trying 
what would be the effect of putting flefh into. 
tubes with only three or four holes, After 
they had continued nine hours in the ftomach, 
_ the refult was as follows: fmall excavations 

of greater or lefs depth were made in the 
parts oppofite to the pores, and from thefe 
excavations {mall furrows wandered irregularly 
along the furface of the flefh. The flefhy. 
È F 4 fibres 
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fibres both in the cavities and furrows were 
become exceedingly tender, they had. befides 
loft their red colour, and were turned yellow. 
The reft of the fleth was unaltered. From 
what has been faid before, the origin of the 
cavities and furrows evidently appears to have 
been derived from the gaftric juice, which 
by infinuating itfelf through the little perfo- 
rations, had there diflolved and deftroyed the 
. fiefh; the reft remained entire, becaufe none 
of the juice could enter, if we except a very 
flender ftream, which had produced the _ 
rows. . 

LxvIII. Let us now seeded to the fecon a 
queftion and examine how much more readily 
flefh lying loofe in the ftomach is digefted than 
when it. is enclofed in tubes. Taking fome 
of the fame kind of flefh that had been ufed 
before, viz. beef, I parted it into two equal 
portions, one of which was again divided into 
fmaller bits before it was put into the tubes, 
while the other was left entire. Each por- 
tion weighed eleven pennyweights. I next 
gave the tubes, which were eight in number, 
to a crow, and to another bird of the fame . 
{pecies, equally healthy and robuft, I gave at 
the fame time the whole portion of flefh, to 
which I had previoufly faftened a thread. 
This thread, hanging out of the bird’s mouth, 

and 
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‘and being wrapped edie the sebloe I could 
“draw up and examine the flelh at pleafure. 
And that every circumftance might be alike, 
I had taken care that the two crows fhould 
have their ftomachs empty. In thirty-fix 
minutes one of the tubes was vomited, and 
at the fame inftant I drew up the flefh from 
the ftomach of the other crow. ‘The latter 
was throughly imbibed with gaftric juice, ef- 
pecially the part that refted upon the bottom 
of the ftomach. It had loft its rednefs, and 
was now of a dirty colour; it weighed forty- 
two grains lefs than at firft; on the contrary; 
the flefh enclofed in the tube retained its ori- 
ginal weight. | 
The tube and the flefh tied to the ftring, 
were replaced in their refpe@ive Gain 
and in order that both might remain the fame 
length of time in the ftomach, I took care to 
return the tubes as they were thrown up. 
The flefh was entirely diffolved in three hours, 
when I immediately killed the crow that had 
the tubes. Upon collecting and weighing all 
‘the flefh that remained in them, I found it to 
amount toabout feven pennyweights. Hence 
. in three hours and nine minutes it had loft 
four pennyweights. 
On the other hand, the fleth tied to the 
ftring was reduced to half a pennyweight, 
which 
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which confifted of a packet of membranous 
or cellular fibres, the flefhy part having been 
entirely diffolved. This experiment clearly 
fhews, that flefh left loofe in the ftomach is | 
more fpeedily digefted than when it is enclo- 
_fedin tubes. And theory perfectly agrees with 
fact; for fince folution is the effect of the 
galtric fluid, it is evident that the food, when | 

loofe in the ftomach, is attacked bya larger 
quantity than when defended by the tubes... © 
"Lato Young crows, as well as all other 
young birds, eat more than the adult; hence 
i fulpected their digeftion to be quicker. 
Having a neft of the grey fpecies brought me 
in June, I made, among others, the experi- 
ment related in the laft paragraph. The re- 
fult was very fatisfatory. A quarter of an 
ounce of beef, faftened.as before, to a thread, 
had fcarce touched the ftomach, when ‘the — 

folution began, and in forty-three minutes 
was completed; but an equal quantity diftri- 
buted in feveral tubes, required four hours 
and a half to be diffolved. Upon opening the 
ftomachs of the two young birds, I immedi- — 
ately perceived the caufe of this rapid folu- 
tion; they contained half a {poonful of gaf- 
tric fluid; a quantity feldom met with in the 
ftomach of adult crows. As the neftlings 
require more. food, Nature has furnifhed. ~ 
| Tea 
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them with the means of an eafier and more 
{pcedy digeftion. ' A 
It is fcarce neceffary to remark, that the 
experiments related in the Lvth and follow- 
ing paragraphs, clearly evince this important 
truth, that the digeftion of food is propor- 
tional to the quantity of gaftric juice acting 
| uponit. When this liquor comes in conta& 
only with a few points, the decompofition is 
| very flow and inconfiderable (Lxvi1); when 
freer accefs is allowed, the folution takes place 
more fpeedily, and is more confiderable (Lxv, 
LXVI); it is very rapid, when every obftacle 
is removed, and the food is on all fides ex- 
pofed to the a&ion of the folvent liquor, 
(LXVIII, LXIX). 
| Lxx. It is a queftion of ancient date, and 
ftill agitated by modern phyfiologifts, whether 
certain carnivorous animals are capable of di- 
gefting bone. Among the various points, 
which I propofed to difcufs in the prefent 
work, I conceived that this well deferved the 
refleGion and attention of the philofopher; I 
fhal] therefore both here, and in another part 
of my work, relate what I have obferved on 
the fubje&. If we obferve a crow and a bird 
of prey devouring an animal, we may be dif- 
pofed to think that the latter has the power 
ef diffolving bone, but not the former. 
i When, 
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When, for inftance, a hawk takes a pigeon; 
it fr ftrips the back, and devours the muf- 
cular part of the breaft; then proceeds to the 
entrails; and, laftly, fwallows the ribs, ver- 
tebre and head, not even {paring the feet and’ 
wings, if it fhould happen to be very hungry. 
When the fame bird is given to a crow, it 
fets about ftripping off the fleth; but when 
it has picked this clean, it leaves the fkele- 
ton.. This rejection of the bones, is how- 
ever very far from being an indubitable proof, 
in the eftimation of the philofopher, that 
they are incapable of digefting them. At 
moft it inclines us to believe it probable; but 
fuch probability requires to be confirmed by 
facts: and being engaged in enquiries of this 
nature, I could conveniently bring the quef- 
tion to the teft of experiment. As I hap-. 
pened to be provided with fome phalanges of 
the human toes, I enclofed two in one of the 
ufual tubes, which remained thirteen hours 
in the ftomach. They weighed fifteen pen-. 
nyweights at firft; ‘nor was this weight at all. 
diminifhed, or the bones in the leaft foftened. 
Being in doubt whether the two great thick-. 
nefs of thefe bones might not have prevented 
the gaftric juice from a@ing upon them, I. 
had recourfe to fmaller ones. Happening 
one day to find one of my crows dead in the, 
apart- 
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apartment where I kept them, and the reft 
affembled round the carcafe in crouds, and 
devouring it eagerly, I took one of the tibie, 
broke it in two, and enclofed it in a tube. 
The tube continued a whole day in the fto- 
mach of another crow, but the bone was 
neither foftened, nor diminifhed in weight. 
The fame thing was alfo obfervable, after the 
bone had been left loofe in the ftomach for 
fourteen hours longer. 

“ uxxt. The greedinefs with which the 
crows devoured their companion, induces me 
to digrefs, for the fake of noticing a miftake 
of the celebrated Dr. Cheyne. He pretends, 
that crows cannot digeft the flefh of their 
own fpecies; and that when they happen to 
fwallow it, they vomit it up again. <‘* Ipfa 
Cornix (fays Haller, on ae authority of 
Cheyne) cornicis canem ingeftam non potett 
coquere & deglutitam vomitu rejicit (@).” 
But the truth is, that the flefh which my 
crows devoured agreed very well with them, 
nor did they throw any of it up again. Fur- 
ther, in order to determine certainly whether 
the above-mentioned writer had fallen into a 
miftake or not, I killed and plucked another 
_ crow, and threw it into the chamber where 


(a) Phifiol. T. 6. 
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its companions were kept, when they imme= 
diately leaped upon it, and devopred it with 
the fame avidity as they had done the other, 
without afterwards vomiting the leaft parti- 
cle of it. Upon killing and opening, three 
hours afterwards, one which appeared to have 
loaded its ftomach more than any of the reft, 
I found the flefh partly diffolved, and in the 
form of a femifluid pulp, and partly in the 
procefs of folution, the very ftate in which I 
had feen other fleth. 

‘LxxII. But let us return to bones. It ap- 
pears that, whether large or fmall, they are 
alike infoluble in the gaftric juices of crows 
(Lxx). Butis this true likewife with refpe& 
to thofe of a foft ftru@ure, and which bear 
fome refemblance to cartilage ? In order to 
afcertain this point, I made ufe of another 
tibia, taken from an unfledged crow, and 
which therefore had not acquired its natural 
rigidity, though it was fo hard as to break, 
when I tried to bend it: and now the gaftric 
liquor was not inactive. Of.fifteen grains, 
which it weighed at firft, it had loft five, af- 
ter continuing fix hours in the ftomach en- 
clofed in a tube. It Was become fo foft, that 
it was capable of being bent into the fhape of 
a bow. It continued to wafte and become: 
fofter; and when it had remained twenty-fe- 

ven 


= 
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ven hours in the ftomach, it was fo much re- 
duced as to refemble a thin tube of paper. It 
was not at all gelatinous; and when it was. 
prefled between the fore-finger and thumb, 
it fhewed fome elafticity, by recovering its 


former fhape when the preffure was removed. 
It was not fcabrous either internally or exter- 


nally, ‘but had rather acquired a greater de- 
gree of {moothnefs during its folution. In 
five hours more it had loft the fhape of a tube, 


J and was totally reduced to pieces. 


LXxXxIII. I tried other tender bones belong- 
ing to larger animals ; and more or lefs of them 
was diffolved, but with difficulty, and after 
a very long interval. The folution was more 
fpeedy in young crows, probably on account 
of the greater abundance of their gaftric juices 
fici Se 

With refpe& then to the queftion concern- 
ing bones, we muft conclude that they are 
indigeftible by crows, except only fuch as, 
on account of their foftnefs, are rather to be 
confidered as cartilage than bone. 

LxxIv. In the preceding, as well as the 
prefent differtation, I have always {poken of 
the ftomach as the place deftined for the con- 
coction of the food. And in truth, whether 
we confult antient or modern phyfiologifts, or 
confider my experiments, it will appear fo 

clearly 


80 D-IS & ER T:A TF O N SILL 


clearly proved, that it would be abfurd to en- 
tertaina doubt of it. But it may be proper 
to enquire whether this operation belongs ex- 
clufively to the ftomach in the birds in quef- 
tion, or is partly carried on in the cefophagus. 
This enquiry is fuggefted upon the manifeft 
decompofition, which has been obferved in 
part of the food that is found in the cefopha- 
gus of fome animals, as among others in the 
fea-crow and the pike (2). In order there- 
fore to afcertain this point, I was led to make 
‘a few experiments, which I {hall relate after 
I have given a fhort defcription of the cefo-— 
phagus and ftomach in crows, and of the 
fources of the refpective liquors in thefe two 
cavities. , | 

| Lxxv. The cefophagus is -membranous, 
and has no craw. When dilated it is cylin- 
drical, if we except a flight contraction in the 
middle. To the naked eye it would feem de- 
ftitute of follicular glands, which however 
become confpicuous del it is viewed with a 
glafs. They are in fuch abundance, that 
there is not a fingle point of this canal with- 
out numbers of os The excretory ducts 
are fcarce difcernable, though they emit the 
liquor of the follicles in great plenty... To fee 


(a) Helvetius Mem. de l’Acad. 1719. ‘Plot Nat. Hit. of 
Staffordfhire. i 
this, 
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this, it is fufficient to pafs the finger over 


them. The liquor is of a vifcid nature, of 


a cineritious white colour, pol fomewhat 
fweetifh to the tafte. 
The inferior part of the cefophagus has 


the fame kind of fiethy fafcia that has been 


noticed in birds with mufcular ftomachs. 
This fafcia in crows is fcarce an inch long; 


and in them too, as well as in the clafs of 


birds jut meritioned, is a tiflue of large folli- 


cular glands very evident to the naked eye, of 


a roundifh figure; and full of a fweet fluid, 
lefs vifcid than that in the {mall follicles in 


| the membranous part of the cefophagus, but 


more denfe, and of a lighter cineritious hue. 

Lxxvi. In the gallinaceous tribe we have 
fpoken of three coats, the cartilaginous, ner- 
vous, and mufcular (xLviti, xLix), which 
principally compofe the. ftomach. Thefe 
three coats are likewife found in birds with 
an intermediate ftomach: When the carti- 
laginous i is feparated from the nervous coat, 


‘and the latter is viewed with the naked eye, 


it appears to contain a multitude of whitith 
little bodies inchafed in it, which have the 
appearance of points ; but when examined by 


the microfcope, change their appearance to. 


that of follicular glands, much fmaller than 


| thofe in the flefhy fafcia (1xxv); thefe fol- 
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licles are full of a vifcid liquor, which they 
difcharge at the extremity towards the fto- 
| mach, when they are preffed by the finger, 
or any other body. The difcovery of thefe 
glands in the nervous coat having led me to 
imagine, that they might empty their contents 
into the ftomach, I keine the cartilagi- | 
nous coat with great attention, in order to 
try if I could find any minute pores for the. 
tranfmiflion of the liquor into the cavity of 
that vifcus; but I acknowledge ingenuoufly, 
that I could not difcover any. This how- 
ever by no means proves their non-exiftence ; 
for they may be fo fmall as to elude the fight, 
even when aided by the microfcope.. And I 
cannot but believe, that thefe follicles, of 
which the excretory ducts are turned towards 
the ftomach, are deftined by nature for pour- 
ing their contents into that organ. 

LXXVII. I now proceed to enquire whe- 
ther, exclufively of the ftomach, digeftion is 
at all performed in the cefophagus of crows. 
In order to determine this, I firmly fixed to 
an iron wire two equal pieces of veal, one of 
them to the end of the wire, and the other 
two inches above. I then forced it down the 
throat of an hungry unfledged crow; the 
piece faftened to the end lay in the ftomach, 
while the other occupied the cefophagus. 

To 
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To prevent them being thrown up, a {tring 
Was faftened to the upper end of the wire; 
brought out at the mouth, and tied round the 
beak: Thus I was enabled to draw up the 
Heth at pleafure, and examine how much it 
was diffolved: In an hour the piece that lay 
in the ftomach was quite confumed, except 
a little cellular fubftance; but the other piece. 
was entire: It was again introduced into the 
efophagus, and redckantiivai an hour after= 
wards; but now the cefophageal liquor had 
begin to act upon the flefh: its weight at 
firft was fix pennyweights, but now only five 
and a half, It was kept upon the whole fix 
hours in the efophagus, and loft nearly two 
pennyweights: Thefe experiments will not 
permit me to refufe to the cefophagus all 
power of digeftion, an effect undoubtedly pro- 
duced by the fluid of the follicles (1xxv); 
but it is inconfiderable when compared with 
that of the ftomach, fince this vifcus diffol- 
ved fix pennyweights of flefh in an hour, 
while the cefophagus diffolved but two in fix 
hours. | 
LxxvIII. The experiments I afterwards 
made on young crows were {till more deci- 
five. The fame wire was employed, and two 
bits of flefh were faftened to it juft in the fame 
mannef, the one lying in the ftomach, the. 
G 2 other 
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other in the cefophagus. The former piece 
was generally quite diffolved before the folu- 
. tion of the other began, though in time this 
alfo was very fenfibly wafted. This diminu- 
tion upon one occafion amounted to five pen- 
nyweights in the fpace of thirteen hours. 
LxxIX. Laftly, in order to determine whe- 
ther it was part only of the cefophagus or the 
whole of that canal in crows which pofleffes 
. the power of folution, I formed a cylinder of 
flefh-half an inch thick, and of the length of 
the cefophagus and ftomach taken together. 
I faftened this cylinder longitudinally to the 
wire employed before, and forced it down the 
throat of acrow, fo that one end touched the 
bottom of the ftomach, and the other reached 
almoft to the mouth. In a quarter of an 
hour the whole circumference of the cylinder . 
was imbibed with a fluid, but at the lower 
end only, which refted upon the bottom of 
the ftomach had the flefh begun to be dif- 
. folved; here it was become whitifh. In about 
an hour for near an inch, 1. e. for the whole 
length of the ftomach, fcarce any of the cy- 
linder was left; and what little remained was 
gelatinous and had loft its cohefion, while’ 
the portion that lay in the cefophagus appeared 
to be unchanged: but it did not continue fo; 
a fort of erofion began to take place along the 
cylinder, 
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cylinder, and continued but with extreme 
flownefs. And as this erofion extended along 
‘the whole length of the cylinder, I had reafon 
to believe the whole length of the canal ca- 
pable of concocting the food in a fmall de- 
gree, whenever it happened to be lodged there 
for feveral hours. But fuch an event never 
happens when crows take their food at plea- 
fure, fince the pieces never exceed the length 
of the ftomach. In this refpe& they differ 
from fome other animals, in which the food, 
after they have fwallowed it, reaches into 
the cefophagus. 

Lxxx, Upon confidering the great quan- 
tity of fluid continually dropping into the 
craw of gallinaceous fowls (111), it appeared 
highly probable, that the concoction of the 
food is not a little promoted by the ftay it 
makes there before it falls into the ftomach. 
But the fact is juft the reverfe. The aliment 
is indeed foftened and macerated (111), but 
I could never perceive that it was at all dif- 
folved: at leaft, I could never fee any trace 
of folution on feveral vegetable matters, which 
had been long retained in the craw. Ina 
{pace more or lefs fhort they become foft, and 
are imbibed with a fluid; but I have not been 
able to perceive, that they were in the leaft 
diffolved, We mutt therefore conclude, that 
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the cefophageal liquor in gallinaceous fowls 


is different from that of crows. 
LxxxI. But why is the food fo (eis digef- 


ted in the ftomach, and fo flowly in the cefo- | 


phagus? Is it becaufe the gaftric fluid is more 


efticacious, or in greater quantity, than the. 


cefophageal? What are the properties and 
characteriftic marks of thefe two liquors? 
May we hope that experiments out of the 
body will be as inftructive as thofe made in 
it? To enable myfelf to procure a large quan- 
tity of thefe fluids at pleafure, was the firft 
ftep towards the folution of thefe problems. 
And as fuch a quantity could not be eafily got 
by killing the birds, it became neceflary to 


invent a contrivance for obtaining it from 


Pe” 


them alive. To put bits of dry fpunge into 


the tubes, and leave them fome time in the 
cefophagus and ftomach, appeared to be the 
beft means of attaining this ‘end; for they 
mutt neceflarily be lubaed with the liquor 
of thefe cavities, and when vomited or drawn 
up, willfupply the experimenter with a con- 
fiderable quantity, provided he ufes a number. 
Three tubes were introduced into the fto- 
mach of a crow, and four hours afterwards 
yomited up; the three little fpunges, when 
they were taken out and preffed between the 
fingers, afforded thirty-feven grains of gaftric 

liquor, 
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liquor, which was frothy, of. a turbid yellow 
colour, had an intermediate tafte between 
bitter and falt, and being fet to ftand in a 
watch-glafs, depofited in a few hours a co- 
pious fediment, As the fediment appeared to 
arife from the food that was diffolved by the 
gaftric juice (for the bird had taken food a 
little before it {wallowed the tubes) I re- 
peated the experiment upon another crow, of 
which the ftomach was empty, and continued 
| fo till the tubes were thrown up. This pre- 
caution I ever afterwards obferved, at the fame 
time taking care, that the faft did not laft too 
long, left it fhould induce a morbid ftate in the 
“animal. I was likewife careful to cleanfe the 
. fpunges from every impurity, by repeated 
_ wafhings and dryings, before I made ufe of 
 themagain. Upon repeating, with thefe pre». 
cautions, the foregoing experiment with the © 
three tubes, I obtained thirty-three grains of 
gaftric juice in a ftate of purity, It differed 
from the former in being of a tranfparent yel- 
low colour, and in depofiting very little fedi- 
“ment; it had the fame bitter and falt tafte, 
Tt appeared to have very little volatility, as it 
was kept feveral days in a watch glafs with- _ 
out fuffering almoft any dimanution. When 
thrown upon burning coals, it extinguifhed 
them inftead of taking fire; and when brought 

G 4 near 
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near a candle, it did not rife in fame. Fur 
ther, paper foaked in it and thrown upon the 
fire, did not burn till the gaftric fluid was 
evaporated. Nor hadit more volatility or in- 
_ Hammability when ju@ taken from the fto- 
mach and ftill warm. 

LxxxII. The quantity, which was not in- 
confiderable, obtained from three fpunges, 
gave me hopes of colle&ing enough for che- 
mical experiments at large, and for attempt- 
ing artificial digeftion. Every crow was ca- 
pable, as I found upon trial, of taking eight 
inftead of three tubes; and as they would be 
thrown up in a few hours, I could repeat the 
experiment feveral times a day. Therefore to 
five crows, of which I then happened to be 
in pofleflion, I gave forty tubes furnifhed with 
little fpunges, i. e. eight to each. In three 
hours and a half all the tubes were returned 

by the mouth, and the quantity of gaftric 
| fluid expreffed from them amounted to four 
hundred and eighty-one grains. In a few 
_ days before I had collected thirteen ounces of 
liquor. I employed it for the purpofes for 
~ which I had defigned it, and which {hall be 
mentioned in their proper place. 

Lxxxli1. While I was engaged in thefe 
experiments, I obferved feveral remarkable 
facts. The firft was, that the gaftric juice 

flowed 
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flowed in great abundance into the cavity of 
the ftomach; it fometimes happened, that 
one of the fpunges was brought up in a quar- 
ter of an hour after it had been fwallowed, and 
in this fhort {pace it was confiderably loaded, 
and in an hour as much as it could be. Se. 
condly, when a confiderable quantity of fluid 
| has been obtained, another, and even a third 
may be got immediately, Sometimes when 
a crow has vomited up the eight tubes, I put 
frefh fpunges into them and returned them 
without delay; and this I repeated a third 
time and found, that the quantity procured 
the laft time was as great as the fecond, and . 
| even the firft. Thirdly, the fluid had always 
the qualities above-mentioned (LxxxI), 
we except a difference of colour. It is com- 
monly of a pale orange, but fometimes of a 
cineritious yellow. | 
| Lxxxiv. I took the fame method to pro- 
cure the cefophageal liquor, with the varia-. 
tion only of a fingle circumftance. The tubes 
were now faftened to threads, which were 
brought out at the mouth, and tied round 
the beak to prevent its being opened. 

Thus the tubes were fixed in the wfopha- 
gus, without the leaft danger of their getting 
into the ftomach, or Nena: thrown up. Be- 
fides, I could draw them up at pleafure. J 

| intro- 
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introduced four tubes at once into the eefo- 
phagus of a crow, and extra&ed them again 
in three hours. I learned from this firft trial, 
the fcantinefs of the cefophageal compared 
with the gaftric fluid, The four f punges fup- 
pled me with eleven grains only, Doubting 
whether this might not be accidental, I re- 
peated the experiment feveral times, and al- 
lowed the tubes to remain longer in the cefo- 
phagus, but the {punges were very far from 
being fo thoroughly faturated with fluid as in 
the ftomach: fo that direct experiment proves 
the great abundance of the gaftric, in com- 
parifon with the efophageal liquor. H the 
ftomach and cefophagus of a crow be laid 
open longitudinally, the latter wilì be found 
to be moiftened with its proper fluid only, 
while the former generally affords reception . 
to part of it likewife. ‘Theory too, in the 
prefent cafe, agrees with fact, The.natural 
pofture of crows, and indeed of moft other 
birds, is fuch, that the liquor which oozes 
out from the internal furface of the cefopha- 
gus, muft defcend to the lower parts from the 
law of gravity, and thence into the ftomach, 
This organ muft therefore be the receptacle 
of the cefophageal fluid; but it is more than 
probable, that it has a peculiar fluid alfo 
{LxxvI); befides, we are certain, that the 
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bile is mixed in confiderable quantity with the 
| gaftric juices. I have very frequently found 
‘the bottom of the ftomach in crows full of 
it, and this is the reafon why this juice is al- 
ways bitter and yellow. Further, upon open- 
ing the duodenum longitudinally, I have per- 
ceived the yellowifh green veftiges of the bile, 
which is difcharged into that inteftine at the 
diftance of at leaft three inches from the py- 
lorus through the cyftic du&, which evidently 
arifes from the gall-bladder. The conjunc- 
tion of all thefe liquors, muft produce a 
quantity of fluid far larger than that which 
derives its fource from the cefophagus alone. 
And I doubt not but this is the reafon, why 
the food is digefted more fpeedily and per- 
fe&ly in the ftomach than the cefophagus 
(LxxviI, Lxxvil1). Though I fhould alfo 
fuppofe, that this is in part owing to the 
greater energy of the gaftric liquor from the 
admixture of the bile, which never rifes into 
the cefophagus, as appears from the juice of 
that canal never being at all yellow or bitter, ' 
but nearly infipid and colourlefs. 

Lxxxv. It remains now for me to relate 
fome attempts to produce artificial digeftion 
with the gaftric juices, referving for another 
opportunity the recital of the chemical expe- 
| riments made upon that fluid, obtained both 

from 
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from crows and other animals, with the view 
of acquiring as complete a knowledge as pof~ 
fible of its nature and properties. The great 
abundance I was able to procure from crows, 
by means of vomiting, gave me the advan- 
tage of inftituting a greater number of trials, 
than with that of gallinaceous fowls (v1, 
LvII), from which the gaftric liquor could 
not eafily be procured without killing them. . 
I firft wifhed to examine the effect of the gaf- 
tric juices of crows upon flefh, in the open 
air. It was January, and Reaumur’s ther- 
mometer placed near the veffel ufed for the 
experiment, ftood at the fourth and fifth de- 
gree (4). For greater certainty in thefe ex- 
periments, I eftablifhed a term of comparifon, 
by employing fimilar veflels containing the 
fame flefh infufed in water. I alfo took care 
upon the prefent as well as other occafions, 
that the flefh fhould be completely immerfed 
in the refpective liquors, and that the phials 
fhould be clofed with ftopples. For feven 
days the flefh kept in the gaftric juice, and in 
water continued the fame.’ On the eighth I 


(a) Wherever the thermometer is mentioned in this work, 
the fame, viz. Reaumur’s is to be underftood. 

N. B. The fourth and fifth degrees of Reaumur’s thermomer 
ter anfwer to about forty-two and forty-three and one-fourth of 
Fahrenheit’s. : 


pere 


DNA TASTI GN IL 93 


perceived a flight folution, for upon agitating 
both liquors; feveral particles feparated from 
the larger mafs, and fell down to the bottom 
_of the phials. No further progrefs was af- 
terwards made, and the gaftric fluid did not 
feem at all more efficacious than common wa- 
ter; only the flefh immerfed in the former 
was preferved from putrefaction, but not in 
the latter. } 4 
LxxxvI. In this experiment I had ufed 
beef; I verified the fame obfervation upon 
the more tender flefh of calves, chickens, 
and pigeons, notwithftanding the heat of the 
atmofphere had now raifed the thermometer 
to feven degrees (2). While I was making 
thefe experiments in the natural temperature, 
of the air, I was employed about others of 
‘a like nature in a warmer medium, viz. in 
a ftove, in which the heat. varied between — 
22°(6) andtemperate. And now the effe&s 
produced by the gaftric fluid, differed from 
thofe produced by water. In the latter the 
flefh began to be a little diffolved in two days; 
this was the effect of incipient putrefaction, 
as appeared plainly from the fetid fmell which 
began to be exhaled. The fell continued 


(a) Forty-eight and three fourths of Fahrenheit’s. 


(4) Seventy-nine and a half of Fahrenheit’s. 
6 


to 
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- to increafe during the following days, afid if 


a week became intolerable; when the fiefli 


| was reduced to a natifeous pulp: In the > 
gafttic juice the folution was more rapid, and — 


exhibited very different phenomena 3 twenty- 
five hours were fufficient to decompofe the 
. flefh contained in it, and in a little more than 
two days there remained only a very {mall 
morfel entire. Thefe folutions never emitted 
any bad fmell; whence it is evident, that they 
did not arife from incipient putrefaction, like 
thofe in water, but from a more efficacious 
and a different menftruum, viz. the gattric 
liquor. 

Lxxxvit. Being now engaged by different 
occupations, I was obliged to interrupt thefé 
experiments, and could not refume them till 
the June following; and then taking advan- 
tage of the Moi I expofed to the fun two 
phials filled to a certain height with gaftrie 
juice from crows, in one of which were im- 
merfed feveral pieces of beef, and in the other 
crumb of wheaten bread, Nine hours of fun= 
fhine much forwarded the artificial digefton, 
which was the object of enquiry. A good 
part of the flefh was reduced to a kind of glue, 
that when it was handled adhered to the fin- 
gers; nothing like flefh remained in any of 
the pieces, but the nucleus, which was fill 

con-~ 
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| confiftent and fibrous, which two qualities it 
loft the next day; after having been expofed 
fix hours to the fun the nuclei, like the out- 
fide, no longer retained a fibrous ftru@ure. 
In the fun, the heat as well on the firftas the 
fecond day, was between forty and forty- 
five (a). ‘The gaftric liquor produced upon 
the bread a change analogous to that which 
the flefh had undergone. It not only loft its 
white colour and turned grey, but had be- 
come vifcous, and no longer prefented to the 
eye the appearance, though it retained fome- 
what of the tafte of bread. Of bread as well 
as flefh immerfed in water and expofed to the 
fun for the fame time, there was a percepti- 
ble diminution; but it was very fuperficial 
and inconfiderable when compared with that 
produced by the gaftric fluid. The bread 
turned four, and the flefh became putrid, 
circumftances that did not take place in the 
leaft, in the other phials. 

Lxxxvili. Thusa tolerably complete con- 
coction was obtained in the heat of the fun; 
but it was reafonable to fuppofe, that it would 
be ftill more perfect in the temperature of the 
ftomach. In the picsding differtation I have 


(2) An hundred twenty-two, and an hundred thirty-three 
and one-fourth of Fahrenheit’s thermometer. 


ob- 
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obferved, that by way of fubftitute for thé 
natural heat of the animal that furnifhed gaf= 
tric liquor for thé experiment, I fixed the 
tubes under my axilla (LVI; Lvit); fuch an 
expedient was neceflary in that cafe, fince 
glafs i is incapable of refifting the violent action 
of the gizzard: But there was now no lon- 
ger the fame danger; and the experiment 
a be made in the following manner. Se- 
-veral. glafs tubes fix lines long and three in 
diameter, weré hermetically fealed at one 
end, and at the other bits of fle{h were intro- 
duced, and then the tube was filled with gal 
tric fluid. It was then very carefully ftop- 
ped with fealing-wax, and the tubes were 
forced into the ftomachs of feveral crows: 
Should digeftion now take place it might be 
properly ac artificial, fince it me have 
been effected in clofe tubes, to which the. 
juices of the ftomach could have no accefs, 
But I foon found that the wax became foft in 
the animal heat, and confequently did not 
keep the tubes clofely ftopt, as I withed. 
There was however no difficulty in fubftitu- 
ting a firmer cement, which would not be 
chi melted or foftened; and with fuch a 
cement I repeated the experiment juft men- 
tioned, and others of a like nature, which I 
{hall defcribe hereafter. I prepared two 
: tubes . 
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tubes in this manner; they were given to a 
crow, and returned by vomiting in an hour 
and an half. I will not conceal my amaze- 
ment at finding, that the pieces of flefh in- 
clofed in the tubes were not in the leaft 
changed, unlefs it was in having acquired a 
blueifh red colour. My amazement was ftill 
more increafed upon obferving, that they had 
undergone no further alteration after remain- 
ing four hours longer in the ftomach of the 
fame crow, enclofed as before in two fealed 
tubes. Thefe bits of flefh weighed in all 
twenty-eight grains ; fo inconfiderable a quan- 
tity would have been diffolved in a few mi- 
nutes, if it had been loofe in the ftomach, 
and in a very few hours, if it had been en- 
clofed in tubes open at the ends. 

Lxxxix. Did this unexpected failure arife 


‘from the communication between the ex- 


ternal air and that within the tubes being cut 
off, or from a deficiency of gaftric fluid, or 
elfe for want of the action of the ftomach 
upon the flefh? I confidered maturely thefe 
‘conjectural explanations, but they appeared 
altogether infufficient. With refpect to the 
laft, ‘it is repugnant to all thofe facts which 
prove the folution of aliment within tubes, 
open indeed at the ends, and perforated along 
the fides, but which effectually prevent the 

Vor’ I. H me- 


(9 Xs 


Wye 


98 DAS ETA TS OW Bi. 


mechanical a&ion of the ftomach upon their 
contents. That the gaftric fluid was in too 
fmall quantity for the folution of the flefh, is 
a fufpicion unworthy of attention; for the 
pieces were always covered by it, fo that the 
quantity of fluid muft have been greater than 
that of folid. Laftly, the communication 
between the external air and that within the 
tubes being intercepted, cannot in all like- 
lihood be the reafon why folution did not 
take place. In order to determine this cer- 
tainly, I made the following curious experi- 
ment. Having prepared feveral glafs tubes 
of the length of fix inches, I fealed them 
hermetically at one end, by means of a re- 
verberated flame, and the oppofite extremi- 
ties were drawn out fo as to form elongated 
cones. "Through the open end of thefe cones 
I poured a quantity of gaftric fluid, together 
with a few fmall pieces of flefth, which filled 
two thirds of the wider part of the cone. 
{ then introduced the cones by their bafis 
into the ftomachs of fome crows, allotting 
one to each bird; and when they refted upon 
the bottom of the ftomach, their apexes came 
out at the mouth. To prevent their being 
thrown up, I ufed the precautions mentioned 
in another place (Lxxvi).  Thefe conical 
tubes muft no doubt have been very incom- 

modious 
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fhédious to the animals, but they were ex- 
ceedingly well adapted to the end I had in 
view, fince a free paflage was allowed for the . 
external air into them. However, notwith- 
ftanding this, the flefh remained feveral hours 
immerfed in the gaftric fluid, without thew- 
ing any fign of decompofition. 

xc. Itis proper to apprize the reader, that 
when the fealed tubes, or the cones, were 
kept long in the ftomach, as, for inftance, 
ten or twelve hours, the flefh was generally 
reduced to a dark-coloured gelatinous pulp. 
But this did not remove my furprize at fee» 
ing fo flow a folution in thofe clofe receivers, 
in comparifon with the rapidity of the pro- 
cefs in the ftomach. The gaftric juice was 
quite frefh, it was in fufficient plenty, and 
the flefh put in the tubes and cones was ex» 
pofed to the fame degree of heat when it is 
in immediate contact with the fides of the 
ftomach. 

If crows are killed during the procefs of 
digeftion, the bottom ef the ftomach gene- 
rally abounds in gaftric juice, which when 
compared with that exprefled from the fpun- 
ges, appears to differ a little, being more denfe 
and bitter, and of a yellow inclining to azure. 
The juice which is mixed with the food, and 
eccupies the upper parts.of the ftomach, ap- 

H 2 | proaches | 
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proaches more to the nature of that with 
which the fpunges are imbibed. Having 


learned from experiment, that digeftion pro- 


ceeds moft rapidly at the bottom of the fto- 


mach, on account probably of the gaftric: 
juice being more active and efficacious there 
from its immediate mixture with the bile, 
which gives it the yellowifh azure hue and a 
bitterer tafte, I preferred this juice to that 
from the fpunges, and repeated with it the 
experiments with the fealed and conical tubes 
mentioned in the Lxxxvitith and Lxxxixth 
paragraphs. But the event did not anfwer 
my expectation, no folution of the flefh ta- 
king place till feveral hours had elapfed. 

xcI. Upon comparing the laboratory def- 
tined by nature for the procefs of digeftion, 
and thefe receivers prepared by art to accom- 
plith the fame end, I could difcover but two 
circumftances im which they differed; the 
flefh in the veffels undergoes the action of a 
fluid which is never renewed; while, on the 
contrary, in the natural laboratory it is con- 
tinually fubje&ed to the action of frefh juices, 
inceflantly fupplied by an innumerable mul-; 
titude of follicular glands. Befides, the gaftric 
juices being confined within the cavity mat the 
ftomach, there is little or no evaporation ; ; 
whereas, when expofed to the air, and con— 
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fequently cooled, they cannot but lofe fome of 
their more volatile and active particles by eva- 
poration. Does then the flow folution of 
fleth in clofe tubes and in cones, depend upon 
the gaftric juice being deprived by thefe two 
caufes of part of that energy, on which di- 
geftion depends? I found from experiment, 
that the former caufe, at leaft, the want of 
renovation had great influence in retarding 
the folution. If, inftead of perfectly clofing 
the tubes, I left a fmall perforation capable 
of allowing ingrefs and egrefs to the gaftric 
juice, the folution of the flefh took: place 
much fooner. The fame thing happened, 
when, inftead of leaving the fame juice in 
- the cones all the while, I was at the pains 
of changing it feveral times. But warmth 
is another condition abfolutely indifpenfable . 
for rendering the gaftric fluid of thefe- ani- 
mals fit for digeftion. When this liquor is. 
kept in a temperature not more than four or 
five degrees above the freezing point, its fol- 
vent power is fomuch impaired, that it does. 
not feem more efficacious than common wa- 
fer (LX xin). i Phis is-alla; obfervable at 
feven degrees (a) (Lxxxvi). In order to ren- 


der the effects of the gaftric juice perfectly 


(a) Forty-feven three-fourths of Fahrenheit’s thermometer, 


Ht fenfible, 
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fenfible, a ftronger heat is requifite, as frorn 
‘ten to twenty-two degrees (rxxxv¥), Stull 
{olution proceeds very flowly; to remedy this 
the animal heat is neceffary, viz. about thirty 
degrees (2) (xc), And fo remarkable is the 
‘effe& of heat in this particular, that the very 
liquor, which, for want of being renewed, 
‘diffolves fleth flowly at thirty degrees (xc), 
effects this very fpeedily at forty and forty- 
five degrees (3) (UxxxyiI), 

xCIH. Every time I exprefled the juice 
from the fponges, I wafhed them in pure 
«water, which was tinged yellow by the re- 
mains. ‘After having made fo many experi- — 
‘ments on the gaftric fluid in a ftate of purity, 
I conceived it might not be altogether with- 
‘out its ufe, to ste one with the water in 
‘which the fpunges had been wafhed; with 
this water I therefore filled a fmall glafs 
phial, which was left expofed to the fun, 
with a piece of fiefh in it, for three days in. 
July, The flefh (which was mutton) fhew- 
ed fome figns of folution. On the third day, 
there appeared upon the bottom of the phial 
a quantity of impalpable matter of a cineris 

(a) Ninety-five one-half of the fame. 

(4) One hundred and twenty-two, and one hundred and 
thirty-three one-fourth of F ahrenheit’s thermometer. 
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tious colour, confifting of particles feparated 
| from the flefh immerfed in the liquor. Not- 
withftanding the feafon, as it ufually is in 
July, was very hot, it had acquired little or 
no fcetid fmell; whilft a fimilar piece of 
flefh, expofed to the fun in the fame manner, 
.but immerfed in water, became intolerably 
putrid on the fecond day. 
xcIII. But it is time to quit the fubje& 
of digeftion in crows, and to proceed to that 
of herons, the other ipecies of birds which 
I propofed to examine in this differtation. 
The herons upon which my obfervations 
were made, and which the nomenclators 
denominate cireritious, or grey (a), muft cer- 
tainly be claffed among birds with interme- 
diate tomachs, fince the fides of this vifcus 
have an intermediate thicknefs and folidity 
| betweén membranous and mufcular ftomachs. 
When this organ is dilated, it appears about 
two inches wide, and as many long; its form 
approaches to that of a cylinder. When 
opened lengthwife, and obferved internally, 
it prefents the appearance of ruge, of which 
fome run in a longitudinal, fome ina tranf- 
_ verfe, and others in an irregular and oblique 
direction. The fides of the ftomach are co= 


(a) Linn, Syft. Nat. T. 1, Bel. Av, 
H 4 vered 
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vered with a kind of gelatinous lining, of 
fome confiftence, ‘but eafily removed, and of 
a colour between white and yellow. This 
lining feems organized; and I fhould be in- 
clined to fuppofe, that it is the innermoft coat 
of the ftomach.. The nervous coat next pre- 
fents itfelf; it is of a whitih colour, and 
moderate thicknefs, but its texture is ftrong, 
and it is not eafily lacerated. When this 
coat is cleaned and dried with a napkin, and | 
then diftended, and comprefled ‘underneath, 
it is immediately covered with an effufion of 
very {mall and fcarce vifible drops, which en- 
larging and approaching towards each other, 
form at leaft a thin aqueous covering. And 
if this be wiped away, and the nervous coat 
be again diftended and iqueezed, another like 
the firtt will appear; and in like manner a 
third, a fourth, &c. with this difference only, | 
that the quantity of moifture is every time di- 
ninifhed. There can be no doubt of this 
being a portion of the gaftric fluid, difcharged 
dire&ly into the cavity of the ftomach. © I 
have employed the utmoft attention in fearch- 
ing whether this liquor derives its origin from 
glands, or any analogous bodies, but could 
never difcover cithee thepone or the other; 
and therefore we mutt fuppofe that it is fe- 
creted by fmall arteries, which open into the 
ftomach, 
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‘ftomach, and depofit their contents there. 
After the nervous, we have the mufcular coat, 
of a red colour, and fcarce a line in thick- 
nefs. It is compofed of flethy ftrie, partly 
tran{verfe, partly longitudinal. The former 
appeared to me to occupy the furface only, 
the latter conftitute the internal ftrata, and 
are continued to the termination of this coat. 
There is alfo another coat, confifting of cel- 
lular fubftance, and this is the lat of all. * 

xCcIv. The ftomach always, and efpecially 
«when empty, contains more or lefs gaftric 
fluid, of a bitter tafte, turbid yellow colour, 
and generally of fome denfity. : The bitter- 
nefs is owing to the bile, which has that 
tafte, but in an intenfer degree; I have often 
found it at the bottom of the ftomach, and in 
the vicinity of the pylorus. The gall-blad- 
der exceeds an inch in length; its greateft 
diameter is of five or fix lines; in fhape it re- 


fembles a {mall egg, of which the tharp end 


is inferted into the liver. Notwithftanding 


many careful examinations, I am not certain, 


of having found the cyftict du&; I however 
fufpe& that it perforates the duodenum, at 
the diftance of fix inches from the pylorus; 
this I collect from a line of an azure-yellow 
hue, which arifes from the gall-bladder, and 
_ is inferted into that part of the inteftine. 

xcv. Above 
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xev. Above the ftomach we meet with 
the fame kind of fle{hy fafcia, which I have 
noficed in gallinaceous fowls and crows, 
(LXVI, XLVII, Lxxv). In the grey heron 
it exceeds an inch in breadth. This fafcia 
is alfo covered with the fame gelatinous 
lining that invefts the ftomach (xcir). 
Next we find a nervous coat of a finer texture 
than that of the ftomach, of which it appears 
to be a continuation. This coat, when at- 
tentively viewed, looks like a fieve, fo much 
is it perforated at every part. The perfora- 
tions are nothing but the apertures or mouths 
of fubjacent follicular glands, occupying al- 
moft all the infide of the fafcia, and vifible 
through it. If the nervous coat be any where 
compreffed, a vifcid, cloudy, and, as far as. 
I could judge, infipid liquor oozes out at thefe 
pores, and continues to ooze out if the pref. 
fure be continued. The follicles that lie 
beneath, manifeftly fupply this fluid in fuch 
abundance, .It would be fuperflous to de- 
fcribe thefe glandular bodies; fince they ex- 
actly refemble thofe of crows and gallinaceous 
fowls; whether we confider the immenfe 
number of them, or their pofition, contiguity, 
fhape, or colour. When we raife this ag» 
gregation of follicles, we come to the muf. 
cular coat, which is very thin, and confifts 


of 
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of feveral ftrata of long and compact flefhy faf- 
ciculi; next to which lies the laft or external 
coat, the thinneft of all, and confifting of 
cellular fubftance. 

xcvi. The cefophagus is about twelve 
inches in length, and in breadth one anda 
half.’ Its fhape is nearly cylindrical, but it 
becomes narrower near the ftomach. Upon 
examining it externally with a microfcope, I 
difcovered that it was quite full of minute bo- 
dies, which are, I fuppofe, glandular. When 
it has been carefully inverted and inflated, 
and the humidity, which always covers it, 
has been wiped away, if now we lay hold of 
one end, and {queeze it forcibly, fo that it 
fhall be enlarged in the adjacent parts, the 
humidity will appear again; and upon re- 
‘peating the compreffion, it will be feen fe- 
veral fucceffive times, juft as in the ftomach, . 
{xc111); with this difference, however, as I 
conceive, that the humidity in the ftomach 
derives its fource from fmall arteries, and in 
the efophagus from minute glands, or fome 
analogous bodies. i 

xcvii. It was natural to fuppofe that this 
apparatus of fluids, which are conftantly 
trickling into the cavity of the ftomach and 
cefophagus of herons, is chiefly defigned for 
digeftion. But the fmall number which I 

| pofleffed, 
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pofleffed, and their almoft never vomiting, 
like crows, indigeftible bodies, and confe- 
quently tubes, did not permit me to make 
fuch a feries of experiments as I could have 
wifhed. Ihave however been able to make 
the moft effential, of which one confifted in 
enquiring into the manner of digeftion in the’ 
ftomachs of thefe birds. For this purpofe I 
had recourfe to the tubes, than which I do 
not believe there are any means better adapted 
to fuch enquiries. Itis well known that the 
grey heron feeds on fifhes, frogs, water- 
{nakes, and feveral forts of aquatic worms and 
infects. Thofe in my pofleflion devoured 
frogs, and efpecially fifhes, with great gree- 
dinefs; and I therefore ufed them for my ex- 
nata They fwallow frogs of a mode- 
rate fize whole. A whole frog, inclofed ina 
tin tube, was introduced into the ftomach, 
together with a fith, of bulk nearly equal, 
included in another tube. In twenty-four 
hours the heron was killed, and the ftomach 
opened; though the tubes were very thin, 
they had received no damage, if we except 
two flight contufions upon one of them; they 
were {o light, that it was not difficult to guefs 
that they no longer contained the fame quan- 
tity of matter that had been put into them. 
The parte fith was all difiolved, except fome 
of 
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of the ribs, a few bones of the head, and a © 
bit of the flefh of the back, which had be- — 
come fo tender, that the parts no longer co- 
hered. ‘The frog’s fhape was more eafily dif- | 
tinguifhable than that of the fifh; the pulp 
of the thighs, and even the bone itfelf, was 
quite deftroyed; but the ends of the lower, 
as well as the upper limbs remained. ‘The 
integuments of the abdomen and thorax were 
no longer to be found; and the fubjacent 
fleth was become fo foft, that it appeared to 
have undergone a flight boiling. The bones 
had acquired the foftnefs of cartilage. Thefe 
remains of the frog and fifh were impregnated 
with gaftric fluid, cai tafted bitter..è The in- 
telligent reader perceives the immediate con- 
fequences of this experiment. In the’ firft 
place the ftomach of herons acts with fome 
force upon the fubftances it contains, as we 
may collect from the flight contufions upon 
one of the tubes. canal digeftion, which 
was in an advanced ftate in the frog, and 
quite complete in the fifh, is not the de of 
trituration, but of the gaftric fluid, which en- 
tering in at the open PTT of the tube, 
or through the holes at the fides, penetrated 
the two animals, and by virtue of its folvent 
power, partly confumed them; but it made 
petto havock upon the fifh tan the frog, 
on 
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on account of its being tenderer. Thirdly, 
the efficacy of the gaftric fluid of the heron is 
not limited to the folution of foft parts, fuck 
as the fkin, flefh, &c. but extends to the 

hardeft alfo, viz. the bones. 
xcvilr: Of the laft circumftance I wifhed 
to obtain greater certainty, by putting bones 
alone into the tubes. We have already feen 
that crows are incapable of digefting hard 
bones, and that they digeft fuch as are ten- 
der with difficulty (Lxx, LxxII, Lxx111). It 
was therefore an obje& of great curiofity to 
difcover what would happen in herons; and 
it was eafy to fatisfy this curiofity, by inclo- 
fing bones of feveral forts inthe tubes; in one 
I therefore enclofed only the tender bones of 
frogs or fifhes; in another hard bones, viz. 
the thigh-bone of a turkey broken in two 
pieces. ‘The pieces of both the hard and ten- 
der bones were formed into two bundles, and 
tied with thread. After an heron had re- 
tained thefe two tubes in its ftomach twenty- 
feven hours, it was killed. It was with a 
mixture of furprize and pleafure that I faw 
the tube which contained the fifhes and frog’s 
bones empty, while the {tring remained en- 
tire. The gaftric juice had then perfectly 
diffolved the bones. But this was not the 
cafe with refpe& to the contents of the other 
tube. 
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tube. I fhould have confidered them as un- 
touched, if they had not appeared {moother, 
whiter, and perhaps thinner than at firft. 
They now weighed only eleven pennyweights 
and fix grains, whereas at firft they had 
weighed fourteen pennyweights; they had 
therefore loft of their original weight three. 
pennyweights within fix grains. If this ex- 
periment be compared with that made upon 
crows, with the fame intention, it will ap- 
pear evident, that ‘the gaftric juice of the lat- 
ter is lefs efficacious in diffolving bones than 
that of the heron. And in truth, their na- 
ture requires that they fhould digeft every 
part of the animals upon which they feed. I 
gave them fome frogs, and obferved their 
way of eating them; when ofa moderate fize 
they {wallow them whole, when very large - 
they feparate them into feveral portions, and 
{wallow them without parting the flefh from 
‘the bones. Since, then, herons do not en- 
joy the advantage of vomiting up fubftances 
incapable of being digefted (Lxxvi1), and 
the bores of frogs and fuch animals cannot 
eafily be voided at the anus, Nature has wifely 
endowed the ftomach with the power of con- 
cocting and affimilating bone. 

xcix. It was equally curious and important 
to enquire, whether the cefophagus of the 


heron 
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heron as well as of crows, is capable of per- 
forming digeftion (LEXV 11} LXXVIM LD). 
The great length of the neck, and. confe- 
quently of the celophagis, is extremely fa- 
vourable to fuch an enquiry. For this pur- 
pofe a flead frog was forced half way down 
this canal with the head downwards, where 
it was fixed by a ftring, of which one end 
was tied round the hind legs, and the other 
came out of the mouth, and was wrapped 
round the neck. In this fituation it remained 
two hours, and more was effected than I could 
expect in fo fhort a fpace. . The animal-was 
indeed entire, but was become very tender, 
though the tendernefs did not penetrate far 
below the furface. This appearance of in- 
cipient concoction induced me to puth the 
experiment further, that I might fee how it 
would terminate. The frog was therefore | 
replaced in its former fituation, where it con- 
tinued three hours longer; I then, thought it | 
time to examine the animal, and drew up the 
pack-thread, but nothing came up with it | 
except the hind legs and ribs; the reft re- | 
mained in the throat, and an inftant ‘after- 
wards I perceived the animal tranfmit it into 
the ftomach. I found the legs and thighs 
half diffolved, and being very defirous of | 
Raeving what had happened to the: othef 

_ parts 
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parts of the animal, I determined to kill the 
heron without delay. The frog was in the 
ftomach; the external mufcular flefh was 
quite deftroyed; and what remained entire 
was eafily divifible into feveral portions; ef~ 
pecially at the articulations: The fame ap- 
pearance of decompofition had taken place, 
as if it had been macerated in water; but 
it did not exhibit the {malleft fign of putre- 
faction. 

c: Although experiment thus abundantly 
evinced a fenfible concoltion in the cefopha- 
gus, I had not adverted to one circumftance, 
which however deferved attention, viz. to 
fix the precife lofs which the fleth underwent 
jn that ‘cavity. I therefore repeated the ex4 
periment with this view, but having no frogs 
in my poffeffion, I fubftituted fome flefh with 
which I happened to be provided, confifting 
of cow’s lungs, to the amount of half an 
ounce, forty grains. It was drawn out of the 
cefophagus by means of the pack-thread, af- 
ter it had remained there thirteen hours, when 
it had loft feven pennyweights and two grains. 

As the cefophagus of the heron is mem- 
branous, it is more than probable, that its 
mechanical a&ion did not concur in produ- 
cing this effect; it however was proper to 
prove this by dire& experiment, which might 

VOL: È; I be 
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be done by means of the tubes. With them 
therefore I repeated the experiment which I 
had before made, in order to determine, whe- 
ther the efophagus of the heron is capable 
of digefting food. Solution of the flefh un- 
doubtedly took place within the tubes, and 
fo I was convinced, that it did not depend on 
any motion of the efophagus, but on the ef-_ 
ficacy alone of the fluid which is fecreted by — 
it. 

cI. Another experiment yet remained to 
be made, whence we might deduce not only 
the exact diminution of the flefh, but the 
proportion between its diminution in the 
cefophagus and ftomach; two globular pieces, 
two-thirds of an ounce each, of cow’s lights 
were introduced, one into the efophagus, and 
the other the fomach; each remained feven 
hours in its refpeGive fituation, when the 
heron was killed; the ball from the ftomach 
at firft of the fize of a walnut, was now no 
larger than a pea, and weighed only twenty- 

eight grains. That which had lain in the cefo- 
‘ phagus was indeed reduced in bulk, though. 
‘but very little in comparifon with the other; 
it had dot’ three ig lnarized cighteen I 
grains. 

Both thefe i tlc gave me an opportu- 
‘Diy of remarking, that the juices, whether | 


of 
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of the cefophagus or ftomach, did not feem 
to act by penetrating deeply into the fubftance 
of the flefh, but by corroding the furface; 
‘the external layer was firft diffolved, and then 
thofe that lay beneath in their order. And 
in reality, when I came to wafh the ball ta- 
ken from the cefophagus, and wipe away the 
external gelatinous ftratum already diffolved 
‘by the cefophageal fluid, the next ftratum 
{hewed the natural fibrous, firm, andred ap- 
pearance; and when the ball was cut into two 
hemifpheres, the infide feemed perfectly 
found, without the fmalleft fign of having 
| been impregnated or touched by that corro- 
five liquor. The fame obfervation is appli- 
cable to the other ball; for notwithftand- 
ing its great diminution, it was quite found 
within. 
© I had now but two herons left, and thefe 
I facrificed to the defire of afcertaining ftill 
further the exceflively rapid concoltion of the 
ftomach, compared with that of the cefopha- 
gus. And in fa&, I obferved it again on 
two frogs and as many fifhes, of which the 
former continued eight hours in the cefopha- 
gus and ftomach, and the latter nine hours. 
Thefe experiments incontrovertibly prove, 
that the cefophagus of the heron as well as 
of the crow, has the privilege of digefting 
12 va any 
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any food that may happen to be lodged in it? 
this privilege extends likewife to other ani- 
mals, as we fhall fee in fome paflages of the 
following differtations. 
cir. The obfervations related in the pre- 
_fent and the preceding differtation, prefent us 
with various inftances of agreement and dif- 
agreement in the digeftion of birds with muf- 
cular and of thofe with intermediate ftomachs. 
‘Let us here, for the convenience of thé 
reader, colle& into one point of view thefe 
{cattered traits; they may fix more firmly in 
the mind all that we have obferved, whether 
curious or interefting, in thefe two clafles of 
animals. With refpect to the traits of re- 
femblance, they may all be reduced to the 
relation between the gaftric fluids. Firft 
then it has been proved, that thefe fluids, 
befides being alike in colour, are always falt 
and bitter; and that the bitter tafte derives 
its origin from the bile, which regurgitates 
through the pylorus into the cavity of the 
ftomach. Secondly, thefe fluids are the im- 
mediate agents of digeftion, both in mufcu- 
lar and intermediate ftomachs, independently 
of trituration. Thirdly, In thefe two or- 
ders of birds the fluids act in the fame man-. 
ner in the folution of the food; they firft 
foften and next convert the furface into jelly, 
then 
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then produce the fame effect upon the interior 
partss and fo infinuating themfelves gradually 
till it is completely diffolved. Fourthly, they 
do not entirely lofe their folvent efficacy as 
foon as they are taken out. of the ftomach, 
provided. they are heated to a proper degree, 
as artificial digeftion proves. Laftly, The 
fources from which thefe fluids fpring, are, 
in great meafure, the fame in both claffes, 
viz. the follicular glands, with which their 
organs abound, I | 
ci. The differences are in part reducible 
to the inferior efficacy of the gaftric fluid in 
--mufcular to that of the fame fluid in inter- 
mediate ftomachs. Thus the gaftric fluid in 
the former is incapable of diflolving the fame 
aliment, which in the latter it eafily diffolves. 
In like manner the food, which each kind of 
gaftric juice decompofes and digefts, is fooner 
. fubje& to this change from that which be- 
Jongs to intermediate ftomachs. And this is 
alfo the reafon, why artificial digeftion fuc+ 
ceeds much fooner with the fir than the fe- 
cond. The fame inefficacy that the gaftric 
| juices of birds with mufcular ftomachs thew 
in decompofing certain aliments of a firm 
texture, extends alfo to their cfophageal 
juices in decompofing foft fubftances, not- 
withftanding the latter are tolerably well de- 
| ha compofed 
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compofed by the cefophageal juice of birds 
with intermediate ftomachs. The prodigi- 
ous effects of trituration in mufcular fto- 
| machs, conftitute another very ftriking diffe- 
rence between thefe two claffes of birds, the 
feeble force of intermediate ftomachs being 
fcarce comparable with the enormous power 
of the other kind. Such a degree of force 
was abfolutely neceffary in thefe, fince the 
juices are incapable of decompofing food of 
confiderable firmnefs, fuch as feeds, the na- 
tural food of birds provided with gizzards ; 

and therefore an agent capable of breaking, 
triturating, and thus pre-difpofing them for — 
digeftion became neceffary; and fuch are in. 
reality the gaftric mufcles in thefe fowls. 
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CONCERNING DIGESTION IN ANi« 
MALS WITH MEMBRANOUS STO 
MACHS. FROGS. NEWTS. EARTH 
AND WATER-SNAKES. VIPERS: 
FISHES. SHEEP. THE Ox. THE 
HORSE. 
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To examine at full length the nature of | 
digeftion is the object of thefe differ. 
tations. By extending my enquiries to the 
three claffes to which all animated beings 
may be referred, I hope to be enabled to folve 
the problem in a fatisfactory manner. Of 
thefe claffes the firft comprehends animals 
with mufcular, the fecond with intermediate, 
and the third with membranous ftomachs., 
The laft clafs is infinitely more numerous 
than the two former. If we fuffer our ima- 
gination to range over the immenfe multi- 
tudes of quadrupeds, fifh, reptiles, birds of 


prey, not even excluding man himfelf, we 
I 4 | {hall 
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fhall find, that they are all, or nearly all, en+ 
dowed with membranous ftomachs; not ta 
mention that numberlefs tribe of minute be- 
ings, the greater part of infects. My tafk 
would have been endlefs if I had projected 
enquiries, I will not fay concerning every 
fpecies of animals included under thefe ge- 
nera, a proje& which many academies would 
not be able to execute, much lefs a fingle ob- 
ferver; but concerning great part of them. 
I was therefore obliged to confine myfelf to 
refearches upon a {mall number. Thefe re- 
fearches combined with others already rela- 
ted in the two firft differtations, will be fuf- 
ficient, if I am not very much miftaken, to 
fet the theory of digeftion in a clear point of 
view, both in animals and man. As the va- 
rious fpecies, which I take into confideration, 
cannot be all exhaufted in a fingle differtation, 
I fhall diftribute them into Galore: beginning 
with the animals that are fituated loweft in 
the fcale of fentient beings, and ending with 
that which occupies the Digi and noblett 
place, with man. 

cv. Let us begin then with frogs and wa- 
ter newts, two (padies of {mall carnivorous 
animals. As the mouth and cefophagus in 
‘the former are large, it was eafy to introduce 
tubes into their long ftomachs. But I wag 
| | foon 


di DISSERTATION III. I. 


foon aware, that it would be neceflary ta 
make experiments upon a great number at 
once, if I wifhed to know what changes the 
flefh enclofed within the tubes underwent in 
the courfe of feveral days; for the tubes were 
very often vomited up, and at uncertain in- 
tervals, fometimes in a few, fometimes in fe- 
veral hours after they had been fwallowed; 
at others again, after a whole day, and in 
fome inftances, after a {till longer interval, 
As I knew, that this fpecies of animal very 
greedily devours any fort of flefh that falls in 
its way, I did not think of fele&ing, but took 
what happened to come firft to my hands, and 
“this proved to be a piece of the {mall intef- 
tine of a fheep, which I divided into twelve 
portions, and enclofed them in as many tubes. 
Thefe tubes were diftributed among fix of 
my largeft frogs, two being given to each. 
They were kept in a very large veffel of wa- 
ter with high perpendicular fides, that they 
might not make their efcape. I neglected 
the tubes that were thrown up, and examined 
thofe only which remained in the ftomach. 
In the fpace of a day I obferved the following 
refults. From the intervals of the grating 
which lay before the open extremities of the 
tubes, there oozed out a cineritious matter, 


which, 
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which, when touched, adhered to the fin- 
gers, and formed long filaments. When the 
grating was removed, I perceived, that this 
gluten was nothing but the flefh itfelf, which 
‘| at that part bean) to be decompofed and to 
change its nature, retaining however the cha- 
racteriftic marks of flefh in the more internal 
parts of the tubes. . Upon opening the fto- 
machs I did not find any gaftric fluid; they 
were quite dry. 
_ cvI. In two tubes that were examined at 

the expiration of two days, the flefh had un- 
dergone a further decompofition. It now 
not only oozed out at the mefhes of the lat- 
tice-work, but likewife at moft of the per- 
forations in the fides of the tubes; and when 
it was drawn out with the point of a pair of 
forceps, and then freed by wafhing from the 
vifcid mucilage, what remained of real flefh 
| or inteftine was fo very little, that I do not 
believe it exceeded the thirtieth part of its 
original weight. At the end of the third day 
there remained but a fingle tube in one frog; 
in this there was no flefh, but it had been all 
diffolved to gluten, had cozed out of the 
tube, and adhered to the fides of the fto- 
mach, excepting a very fmall portion that 
was fticking to the tube. This vifcid matter 
was 


pt ss th FA BF OM dr. 123. 


was infipid to the tafte, a certain proof that 
the gaftric fluid had effected this alteration 
without the concurrence of any mechanical 
action of the ftomach. It muft however be 
allowed, that this fluid is exceedingly flow 
in producing its effects, fince it required three 
days. ‘This flownefs mutt have arifen either 
from the fmall quantity or inefficacy of the 
fluid, ot perhaps from both caufes.. In con- 
fequence of this tardy action I found in fimi- 
lar experiments upon fix other frogs, that 
the flefh in fome of the tubes was not entirely 

confumed at the end of the fifth day. 
cvir. The gaftric liquor of frogs is not 
however on this account incapable of con- 
cocting in time fubftances which we fhould 
have fuppofed above its power, viz. bones. 
In a quantity of frogs brought me one day 
by the fifhermen, there was one fo large, that 
I was induced by its enormous fize to kill it, 
in order to fee what it contained; I found, 
that the enlarged bulk was owing to a moufe 
in the cavity of the ftomach. The hair had 
begun to fall off, and the fkin was become fo 
very tender, that it had loft its cohefion. The 
fore as well as the hind legs had undergone a 
greater degree of folution, the bare bones 
n” being left, and they were confiderably 
wafted 
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wafted and converted into a femi-gelatinous 


fubftance. The moufe upon being opened | 


appeared quite found internally, the deftruc- 


tion was confined to the furface, and there- 


fore occafioned by the gaftric fiuid, which had 


‘ begun to a& here on the external parts, juft | 
as it does in animals with mufcular and in- | 
termediate ftomachs. The {mallnefs of the | 


extremities permitted the fluid to penetrate 


them with greater facility, hence it had al- 


~ moft confumed them without {paring even the 
bones. ’ In this inftance I could not perceive 


a 


any fign of trituration, for the moufe was | 


neither bruifed nor lacerated; nor can I con- 
ceive what other force can be exerted by fto= 


‘machs compofed of fuch fine coats, befides 


that of comprefling the bodies they contain, 


when they happen to be very large. 
cviri. The mouth and throat of water- 


newts are both fo narrow, that they would | 


not admit the ufual tubes, they however ad. | 
mitted others made in the fame form, but of 
a fmaller fize, on purpofe for them. F rom 
having kept thefe animals in my houfe for fe- 
veral years, both when i had occafion to exa- 
mine the circulation of the blood, and to 
obferve the admirable reprodu@ion of their 
limbs, I had learned, that the food which 

they 
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they devour with the greateft avidity is living 
earth-worms (4). Nearly the fame obferva-~ 
tion is made by my illuftrious friend, Mr. 
Bonnet, in his fine memoir concerning the re- 
production of the limbs in water-newts, in 
which he confirms my difcovery of this won- 
derful reproduction in the cleareft and moft 
decifive manner, after it had been queftioned 
by Mefirs. Adanfon and Bomare, for wantof 
addrefs and {kill in making experiments in 
this branch of zoology (6). I had then re- 
courfe to earth-worms; they were cut in 
pieces, and placed alive in the tubes, which 
were introduced into the ftomachs of feveral 
falamanders. The gaftric fluid of thefe little 
reptiles acted more fpeedily than that of 
frogs (cv1). The divided worms began to 
change colour in fifteen hours, and to become 
foft and flabby. About the thirtieth hour 
the parts had loft their cohefion, and the 


(a) I treat at full length of thefe aquatic lizards in my three 
works intituled, 

Prodromo di un’ opera da imprimerfi fopra le riproduzioni 
animali, 

Del Azione del Cuore ne’ vafi fanguinei, 

De’ Fenomeni della Circulazione obfervata nel giro univers 

fale de’ vafi. 
_ (8) The memoir is inferted in Rozier’s Journal for No- 
waeember, 1777. 
| N. B. It is likewife reprinted in the late collection of his 
works. 
rings 
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rings were no longer vifible; and in lefs than 
two days they were converted into a whitih 
pulp, of which the greateft part had run out 
of the tubes. ee 
cIx. The diffection and examination of the 
ftomachs of newts prefented me with a phe- 
nomenon, which muft not be concealed from 
the reader, both on account of its fingularity, | 
and the light it throws on the prefent fubje&. 
This phenomenon is nothing lefs than a great. 
number of fmall white worms in this vifcus, 
vifible to the naked eye; of the thicknefs of a 
thread, and the length (at lea in the largeft) 
of two-thirds of an inch; however if we with 
to examine them minutely, we mutt scapdesgi 
the microfcope. They are of two forts; in. 
one both extremities terminate in a point, the | 
other has one end pointed; but the other ob- | 
tufe, and marked with a dark fpot; the latter | 
fpecies is {horter than the former, and ‘thin- | 
ner in the fame proportion. . Each {pecies is | 
furnifhed with rin gs, narrower at the ends of | 
the body, and wider at the middle, as is ge- 
nerally the cafe in anular worms. Thefe two. 
forts of worms are not flat or compreffed, but | 
round; it is therefore certain that they do not. 
belong to the genus of tenia, or the gourd= 
worm, but to that of round or columnar worms — 
(teretes): They are-mot loofe in the cavity of — 


the 
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the ftomach, as the worms lodged in the in- 
teftines of larger animals commonly are, but 
are always found with one extremity inferted 
‘to fome depth in the internal coat of that or- 
gan; hence it requires fome force to detach 
them, and frequently they break fooner than 
feparate. Of thofe that have the dark fpot, 
the more obtufe end is fixed in the ftomach; 
it is impoflible to fay whether this is the cafe 
with refpe& to the others, fince both ends 
are equally pointed. . The loofe extremity 
projects into the cavity of the ftomach, fome- 
times coiled up in the form of a circle, and 
at others twifted in a fpiral. If the ftomach 
be taken out of the animal, and fet to mace- 
rate in water, the worms live for many hours 
without quitting their fituation: if afterwards 
‘we feparate them with the hand, without 
breaking them, and place them upon fome 
fubftance, in order to obferve their move- 
ments, they will be feen to writhe in various, 
directions; fometimes bringing the mouth 
towards the tail; fometimes ftretching them- 
‘felves in a right line; and at others making 
ftrange contortions, as is ufual with reptiles 

in general. : 
cx. Not being able to conjecture for what 
Tee the part perpetually inferted in the 
_ Aubftance cf the vifcus, could be defigned, 
unlefs 
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unlefs it was to fuck the thinneft and pureit 
part of the liquor; and confequently fuppo- 
fing it to be the head of the animal, or at 
leaft fome analogous part, I tried to difcover 
the mouth with the aid of the microfcope ; 
but my endeavours were vain: I believe, 
however, that I found the alimentary canal; 
it is a bright filver-coloured {pecies of intef= 
tine, running along the worm; in a tortuous: 
| manner, from fide to fide; it is always full 
of a number of particles, which flu&uate re 
gularly, like a buoy, probably impelled by a 
fort of periftaltic and antiperiftaltic motion. 
This canal is common to each fpecies; in that 
with a dark fpot at one extremity (cix); a 
fecond canal may be perceived; it is ftraît, 
and probably (I fhould rather fay certainly) 
the receptacle for the eggs; for I have ale 
ways obferved it more or lefs full of a great 
number of corpufcles, of an oval fhape, float= | 
ing ina very tranfparent lymph; thefe cor _ 
pufcles, when the worm is not in motion; 
always continue at reft. If we lay hold of 
the animal by its extremities, and break it in 
the middle, the little canal will generally be 
broken, and the ovula will make their efcape | 
in a ftream from the lacerated part. It is not’ s 
ditficult to burft them between two pieces of | 
talc, when a thin fluid fprits from them; 

after 
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after which the eggs become dry and opake, 
‘ confifting now of nothing but the empty cover, 
as always happens to the membranaccous 
eggs of {mall animals. Each worm of this 
fpecies is furnifhed with thofe oval particles 
enclofed in their canal; if they are real eggs, 
as there is great reafon to believe, we mutt 
conclude that every individual is an herma- 


‘phrodite; it will however remain doubtfu] - 


whether they are ftri&ly fo; i. e. have no need 
of copulation, like {weet-water polypes, and 
many other forts of microfcopical animals, 
 &c. or elfe, in the wider acceptation of the 
term, are like teftaceous and naked {nails and 
earth-worms; edch of which brings forth 
eggs and living young, but requires the con- 
currence of another individual. 

«_ cxI. I might probably be afked whether 
thefe worms lodge in healthy newts, or ra» 


ther in fuch only as are difeafed. This doubt 


fuggefted itfelf to me; and in order to clear 
it up, I examined not only fuch as I kept at 
home, and were therefore liable to the fufpi- 
cion of unhealthinefs, but fuch alfo as were 
newly caught, and full of health and vigour; 
but the ftomachs both of the one and the 
other harboured alike thefe unpleafant guefts, 
But it muft be obferved that they do not fix 


their abode in all newts; and that in thofe 
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OF feveral dozens, and at others again of an 
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where they do, they are not equally nume | 
rous. Of the immenfe number I have opened | 
at different times, and with different views, 
three-fourths have had a family of worms 
in their tomachs; which is fometimes com- 
. pofed of only five or fix individuals ; at others 


hundred or more. 

exit. In my numerous examinations of the | 
ftomachs of the different animals mentioned 
in this work, crows alone have exhibited a 
phenomenon nearly refembling what is found | 
in newts; I mean a quantity of worms lodged | 
in the ftomach. But thefe worms are not | 
inferted into the internal coat, as in newts, 
but are found between the internal and the 
nervous. We are very well acquainted with. 
the little worms that live in trees, and gener=. 
ally fix their abode between the bark and the 
wood; and lurking there unfeen, devour the | 
cortical part, which furnifhes them with an 
agreeable aliment. If the bark fhould be. 
parted from the trunk on purpofe, or by ace 
cident, their devaftations are expofed to views | 
in the form of excavated paths, winding” 
| backwards arid for wards ina ferpentine die. 
‘tection; nor is it uncommon to furprize the. 
worms actually employed in forming thel@ 
excavations, which ferve them at once foi # 
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food and lodging. The fame thing nearly. is 
bbfervable ies: refpect tothe werms of crows. 
If the internal be parted from the nervous 
coat don and carefully, thefè animals are 
fuddenly expofed to the eye, adhering for the 
mot part to the back of the internal Bate: 
lurking i in Certain cavities formed in its fub= _ 
‘f{tance, and which in all likelihood, arife from. 
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the erofion of thefe very worms. Further, ;;\/\/\\° 

we find fome with both ends expofed; while ~— OR 
the middle - is deeply buried in the fubftance . . Sa 
of the internal coat; Laftly, others have one er» 
extremity inferted into this, and the other ; A 
into the adjacent nervous coat; but they he 4 > 


ver make their way into the cavity of the fto- | 
mach. Thefe worms do not appear to differ 
from thofe in newts, in colour, length, thick- 
‘nefs, or in the alimentary canal; they have 
‘however ore eflential differthec, * they are 
without rings, but have a {mooth and flip- 
pery fkin. In their motions they are dull 
and languid ; when taken from their abode, | 
and placed in water, they live many hours. 
They are found both in grey crows and rooks ; 
but I have never feen them i in any part of thie 
body except 2. wee 


bs, CeIi1. But us return to the worms in 
hewts (CIX, CR, Cxi a and confider them 
in as far as they relate to digeftion. I affert 

» that 


and {wallowed of their own accord. How 
' tenacious thefe minute reptiles are of life, is. 
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that their prefence is an incontrovertible | 
proof, that no fenfible degree of force is ex- 
erted by the-tomach; for how is it poffible 
to conceive that the fides of the ftomach can 
rub againit each other, or at lealt impinge 
againft the food, without doing the fmalleft 
injury to worms of fo delicate ftru&ure? I | 
have more than once taken the ftomach of a | 


newt between my thumb and finger, and | 


comprefled it very gently, or rubbed,it lightly, | 
and upon opening it, have always found fome | 
rupture, fome difcontinuation of the parts of 
thefe worms. We.muft therefore conclude, 
that digeftion in water-newts is folely the ef- | 
fe& of the gaftric fluid, of which the efficacy | 
has been already {hewn in the decompofition | 
of earth-worms inclofed in tubes (cviri). I 
have alfo feen its ation, in a manner equally 
ftriking, on worms which newts have taken 


abundantly proved by cutting them into fe- | 
veral pieces, in confequence of which they 
do not die; but on the contrary multiply, asi 
many worms being produced as parts Into | 
which they were divided (4). It is true, 
they do not ceafe to live after having remained, 


(a) See Reaumur, Bonnet, and my Profpe&tus, 


* 
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| ten or twelve hours in the ftomach of a newt; 
‘nay, when they fill it too full, they void fome 
alive and crawling by the mouth, whether by 
actual vomiting, or whether the worms; after 
various movements in fo difagreeable a place 
of confinement, at laft find their way out 
through the cefophagus. But they certainly 
die at laft, not becaufe they are triturated or 
crufhed to pieces, for they continue whole 
for feveral hours; the gaftric fluid fir foftens 
and then converts them into a gelatinous fub- 
ftance, and bya continuance of its a&ion, at 
length reduces them to an impalpable mafs. 
cxIv. But how come the tender worms 
in the ftomach to efcape folution, when all 
other infects, whether aquatic or terreftrial, 
upon which the newt feeds, die and are di- 
gefted? If it fhould be faid, that this ep 
pens becaufe they have been habituated to 
‘the ftomach by long refidence, the difficulty 
‘would be perhaps removed to a greater dif- 
tance, but certainly not taken away altoge- 
ther. As the caufe of this phenomenon, we 
mutt affign the inability of the gaftric fluid to 
decompofe thefe minute beings, however 
powerful may be its energy upon others of a 
ftructure lefs delicate; juft as a chemical 
menftruum is capable of diffolving one metal, 
but not another. Thus aqua regia diffolves 
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gold, but not filver; or an acid that com- 
bines with the calcareous, has no attra&ion 
for the argillaceous and filiceous earths. 
Nearly the fame difference of digeftion is alfo 
obferved in that of polypes provided with 
arms; they fometimes fwallow their own 
arms along with infects; but though the 


former die and are digefted, the fecond do | 
not in the leaft fuffer, -. Thus‘a polype in-. 


| ferted into the ftomach of another polype, 
continues to live as before (a). 


cxv. But let us proceed to ferpents, of © 


which I propofed to treat after frogs and 
newts. Thofe which are moft eafily procu- 
red in the environs of Pavia are certain ter- 
reftrial {nakes, called in fome provinces of 
Italy, Smrold: (6); and water-{nakes, which 
many naturalifts call {wimming (natrices) (c), 


The firft confiderably exceed the natrices and 


vipers in fizé. The largeft are about an inch 
«and a half in thicknefs towards the middle of 


the body, and forty-five and fometimes fifty 
inches long, "The lower part of the body is — 


white mixed with yellow and green ftreaks, 
a 
(a) Trembley, Mem. fur les polypes. 


(6) Not defcribed by Linnzus or any other naturalift, as: 


far as I know. 
{c) Natrix, Linn, va Nat. T. 1. Natrix torquata. Ray. 


/ guadr. 
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the upper part is blackifh, but towards the 
neck and head interfperfed with a milky white. 
They fly with greater fpeed than the water- 
{nakes, and far greater than vipers. ‘They 
are not inferior to the latter in a fpirit of re- 
yenge, and their bite alfo draws blood, as I 
have myfelf experienced, but is harmlefs. 
Before I made ufe of the tubes, I wifhed to 
acquire fome knowledge of the cefophagus 
and ftomach. Having therefore fkinned one, 
and blown up the cefophagus in fuch a man- 
ner that the air could neither pafs out above 
nor at the pylorus, it appeared to mé to re- 
femble a large inteftine, cylindrical for about 
the length of nine inches, and becoming gra- 
dually narrower below, fo as to form a fun- 
nel of the length of four inches and an half, 
I foon perceived, that this funnel was the true 
ftomach, and the inteftine the cefophagus, 

Both the trachea and lungs run along the wfo- 

phagus, to which they are firmly attached by 
means of a membrane, as alfo is the heart, 

which has the fhape of an elongated pyramid, 
fituated at the origin of the ia We find 
likewife a vifcus arifing from the bafis of the 
heart, afcending upwards along the Lal i 
gus, and adhering in great ee ae to the 
trachea: itis of the fame length as the lungs, 
‘but its fubftance 1s different, being tender 

È. K 4 and 
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and afh-coloured ; I could not then determine — 
what it was. Next below the lungs lies the. | 
liver, which, together with the vena porta- | 
rum, refembles a long narrow leaf attached | 


to a very long footftalk; both adhere to the 
cefophagus. Below the ftomach we find the 


fpleen, nine lines in length and of a Very. 


acute oval fhape. The gall-bladder liesin the 
region of the fmall inteftines, confequently 


at a great diftance from the liver; when we 


prefs it the dud is filled with bile, which 
it evidently difcharges into the duodenum at 


about the diftance of an inch from the pylo- . 


tus. Near the gall-bladder we find another 
body fmaller than it, attached to the duode- 
num, and of a fiefhy confiftence, I fhould 
fuppofe it to be the pancreas, 

cxvi. If we feparate the cefophagus and 
ftomach from the lungs and other parts juft 


defcribed, and open it longitudinally, the $ 


cefophagus appears fimply membranous ; the 
membrane of which it confifts is very thin 


and of a filver colour, The ftomach is com- 3 


pofed of thicker fides, and among the coats 


which compofe it we have one of flefh, which. 


like the ffefhy coats of other membranous 
itomachs, is very thin. I could not perceive, 
that the efophagus is provided with any 


glands or follicles; but I obferved, that the 
È ftomach 
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| ftomach was abundantly fupplied with them 
throughout its whole length; they difcharge 
‘part of their liquor on being prefied, and the 
‘internal coat is moiftened with it. 
exvir. I come now to experiments rela- 
tive to digeftion, I found great facility, not 
only in pafling the tubes into the ftomach, 
but likewife in bringing them up whenever 
I pleafed. I made an affiftant lay faft hold 
of the fnake fo as to prevent its ftriking or 
wreathing round the body, while I opened 
the mouth and forced a tube in lengthwife, 
and then, by means of a ‘thin rod, thruft it 
two or three inches down the throat. After 
this the ret followed of courfe; for I had 
only to prefs with my fore-finger and thumb 
the neck of the animal in the place oppofite 
to the top of the tube, which was forced to 
defcend for fome way down the cefophagus, 
and by a repetition of the fame manceuvre I 
foon brought the tube to ‘the bottom of the 
ftomach, which I knew by the refiftance it 
made when I attempted to pufh it lower; for 
now the narrow paflage of the pylorus pre- 
. vented its. defcent. Bya like preffure, but 
. made in the oppofite direction, from below 
upwards, I could bring up the tube from the 
_ftomach into the cefophagus, and thence out 
through the mouth. I employed this con- 
# trivance 


tag 
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trivance for introducing the tubes into the 
ftomach, and bringing them out at the mouth 
in water-{nakes likewife, and eyen vipers, 
managing the laft however with fome care, 
which is very requifite, in order to avoid be- 
ing bit by thefe ferpents during the operation, 
when they are highly exafperated. 

cxvii1, When I was opening fome of my 
land-{nakes (fmirold:) to examine the alimen-~ 
tary canal, I found in the ftomach of one a 
wall-lizard not in the leaft injured or digefted, 
I thought of employing it for my experi- 
ments, as it muft be a kind of food well 
adapted to thefe reptiles. I therefore enclofed 
a piece of the tail of this lizard in a tube, 


which continued for a whole day in the fto- 
i ; do i" ie * 
mach without having its contents at all dif- 


folved. Thirty-fix hours produced fomething 


more. The tail of the lizard is compofed of 


a number of little mufcles, enchafed one 
within the other, and bound round by a thin 


_anular membrane. The piece of tail was” 
| placed in the tube in fuch a manner, that the 


invefting membrane was in conta& with the 


. fides, and the mufcles were bare at the open 


ends. The membrane had fuftained no in- 
Jury, but the mufcles were eroded on the 
plane of fection, anda little excavated. Up- 


on touching them I found, that they had 


heen 


j 


Bea Te 8 III. 139 


been converted i into a gluten of fome vifcidity, 
The gaftric fluid then (for the mechanical 
‘action of the ftomach could produce no effect 
within the tubes, were any fuch action to be 
exerted at all) had begun to digeft the fleth, 
by diffolving what lay at the ends of the tube 
before it 4 e that which was contiguous 
to the fides ; not only becaufe it was not co- 
vered by the. membrane, but alfo becaufe it 
had freer accefs at the ends: the {olution 
however went on, though very flowly ; 3 for 


after the tube had been five ‘days in the fto+ 


mach, a little of the mufcular flefh remained, 
and the membrane was almoft entire. 

cxix. The fleth of a lizard’s tail is rather 
tough, and it was pro 


geftion; it was therefore proper to. employ 
fome of a lefs firm texture; accordingly part 
of the liver of the fame REI was enclofed 
in the tube, and given to a fnake (/miroldo). 
In this inftance digeftion was more fpcedy; 


for in three days and an half the tube was. 


quite empiy. 

But what if inftead of Salon the fleth 
in tubes, we fhould introduce it into the fto- 
“mach without any covering? It was obvious 
to fuppofe, that it would be fooner digefted, 
fince the gaftric juice would have fer {cope 

for 


able, that this cir- 
cumftance had retarded the progrefs of di- — 


See: 
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for its action. And foin reality it happened. . 
A piece of lizard’s tail of the fame fize as in 
a preceding experiment (cxviri), did not re- | 
quire quite two days for its digeftion; anda 
portion of liver, equal to that before-men- 


tioned (cxviri), underwent the fame pro- | 


cefs in two and thirty hours. Of this I af- 


fured myfelf by opening the ftomachs of the . 


two fnakes, one of which had taken part of 
the liver, and the other of the tail. 


. Cxx. We come now to the water-fnakes 


or the zatrices. Nothing can be more ftriking 
than the refemblance between the ftomach 


~ and the cefophagus in this, and the foregoing 


{pecies. Befides the trachea, lungs, heart, 


liver, vena portarum, having nearly the fame 
configuration, and lying on the fame parts 


of the cefophagus; this cavity is very capa- 
cious and long, confifts in like manner of thin 


membranous coats, and ends in a funnel, 
which is the true ftomach of the animal.. The 


gall- -bladder too is about an inch diftant from 
the lungs, and depofits its contents in the 
duodenum, by. means of the cyftic du&. The 
ftomach alfo, as we have obferved in the 


Jand-{nake (fmiroldo), is furnifhed with a 


‘great number of follicular glands. 


i CxxI, It is eafy to learn the nature of the 


food of water-fnakes, and we ought i in con- 


fequence 
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. fequence to provide it for our experiments. 
Among the antients Oliger Jacobeus, where 
he treats of frogs, and among the moderns 

Valifneri will fatisfy us, that thefe reptiles 
live chiefly upon frogs. Next to man water- 
fnakes may be denominated their greateft 

. fcourge. They particularly frequent the wa- 
ter of ditches, puddles, ponds, lakes, fuch 

in fhort as is frequented by frogs; and here 
they make an eafy prey of them, -notwith- | 
ftanding they mutually give each other no- SM 
tice when they perceive the fnake at a dif- — Mo 
tance, by a kind of whiftle or outcy of di Met 
trefs, as -I have often obferved, at which all a 
fly with the utmoft precipitation: Dante was ie 


ow A ° o? . i i 
not acquainted with this circumftance.. i dg 
Come le rane innanzi l’inimica . i A Al , 
Bifcia per l’acqua fi dileguan tutte, È :. 
‘Finchè alla terra ciafcuna s’abbica (a). 
A fitherman having brought me three very | |. 


large and vigorous watcr-{nakes, I gave each 
at the fame time a tube enclofing a different 
part of a frog; one mufcle, the other liver, 
and the third fpleen. The tubes were left 
three days and an half in the fomach. Upon i 
forcing them out, I obferved the fame kind | 


. (a) Infern. Cant. 9. Fol. 161, &c. As frogs fcour along 
| the water, at the approach of the water-fnake, without ftop- 
ping, till they have gained the dry ground, 3 

of 
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of digeftion that I had before feen in frog. | 
(cv, cv1); The flefh was beginning to be. 
changed into an adhefive cineritious gluten 3 
the interior parts were unaltered. The tubes © 
| were now introduced a fecond time into the 
ftomachs, and when they had continued there 
two days they were found empty; fome of the 
adhefive matter ftuck to the outfides of two 
of them. 
exxit. It is not unknown to naturalifts, 
_ that this fpecies of fnake has no teeth, and is 
— confequently obliged to {wallow its prey 
whole; In fummer I have often taken them 
‘with whole frogs in the ftomach. It was 
therefore not unreafonable to fuppofe, that 
they are capable of digefting the bones; and 
the lefs fo, as it feems difficult for them to 
be voided backwards, on account of the nar- 
rownefs of the inteftines. It might indeed 
be: fulpected, that thefe bones are vomited, 
as I have found to be the cafe with the tubes,. 
both in this and the former {pecies ; but this 
is not a conftant and regular “evacuation; as 
in crows (L1x) and birds of prey, as we fhall 
fee hereafter; but takes place at uncertain in# 
tervals, and fometimes does not happen at all 
for feveral days. In order however to afcer- 
| tain the fact, I broke two tibie weighing nine 
grains each to pieces, enclofed them in the 
| tubes, 
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Babes: and forced them into the ftomachs of 
two water-fnakes. After they had continued 
there two days, they were become foft, and 
had loft three grains. In five days more they 
were ftill fofter, and now weighed together 
‘only five. grains. Soon afterwards che two 
fnakes died, and it was not in my power, 
though I withed it very much, to profecute 


this curious experiment as far as it would gO. 


From the beginning however of the progrefs 
we may fuppofe, that the bones would have 


- been totally diffolved, and confequently it is 


highly probable, that water-fnakes digeft 


the bones of thofe animals upon which ig 
feed. 


cxxI11. By the activity of the eAtitig fluid | 


of the water-fnake in digefting not only flefh 
but bone, I was induced to try to procure a 
quantity that I might examine it more parti- 
cularly. For this purpofe I employed fpunges 
as before (1xxx1, Lxxxi1), and my fuccefs 
exceeded my expectations. Six little fpunges, 
that had lain two hours in the ftomachs of 
three fnakes, enclofed in tubes, afforded me 
‘enough to fill a watch-glafs of a moderate 
fize. It had the following qualities; the co- 
Jour, approached that of foot, it had the 
* fluidity of water, and evaporated very flowly: 
‘ it has both a falt and bitter tafte, and is not 
i i inflam- 


= Fis 


eae 


Pat Li rr “ va , 
+ UNO ai x 
, 4 ah 
7 


pi : , 
144 © *DTes SER TÀ TION i 


til 


inflammable. Hence it appears to bear a | 


| 


very ftrong refemblance to the gaftric fluid of. 


the other animals, upon which my experi- 


ments were made: this refemblance extends 


~ likewife to the odour, which is exactly like | 
that of the fame juices in birds of prey, of 
which I fhall {peak particularly in the next | 
Differtation. I referve the account of fome 


chemical experiments made upon this fluid; 


work. 

cxxiv. We have before feen the ftrong 
analogy between the configuration of the fto- 
mach and cefophagus in land and water. 
{nakes. In vipers thefe cavities have the fame 
general form; nor do they differ with refpe@ 
to the efficient caufe of digeftion. I repeated 
upon them moft of the experiments defcribed 
above: feveral tubes, furnifhed with diffe. 
rent forts of flcth, were left in their flow 
machs for a {pace more or lefs long, and the 


effect was juft the fame as in water and land- f 
{nakes; it would therefore be fuperfluous to | 


defcribe them particularly. It will be better 


to turn the reader’s attention to fome experi- 


ments on thefe three fpecies of reptiles dif- 
ferently 


- till I fhall have an opportunity of {peaking of | 
the examination of the other gaftric juices — 
which I have already mentioned, or fhall © 
have occafion to mention in the prefent. 


fe 
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cxxv. Having frequently opened thefe 
animals when newly taken, I have fometimes | 


obferved, that their ftomachs are not large 
enough to contain the whole prey, and that 


part lies in the cefophagus. This part never 


fhewed any mark of concoétion, notwith- 
ftanding what lay in the cavity of the fto- 
mach was fometimes half digefted. Thus, 
for inftance, I have found five or fix large 
beetles in the body of a land-fnake or viper; 
thofe that lay in the ftomach were fcarce dif- 
tinguifhable, while, on the contrary, thofe 
in the cefophagus were entire, or nearly fo. 
I once faw a frog with the lower limbs, 
which projected out of the ftomach, not at 
all damaged, while the reft of the body lay 
in the ftomach and was half reduced to a 
pulp. Thefe experiments made by the fer- 
pents themfelves gave me reafon to fuppofe, 
that what takes place in them is exactly con- 
trary to what happens in crows and herons, 
for the reader will remember, that in thefe 
birds the cefophagus is really capable of di- 
geftion (LXXVII, LXXVIII, LXXIX, XCIX, Cl; 
but in the animals in queftion it feems to be- 
long exclufively to the ftomach. A very 
fimple experiment was fufficient to afcertain 
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the point. Into the ftomach of one of thefe 

ferpents a frog, for inftance, might be fo in- 
troduced that part fhould He in the cefopha- 
gus. The frog might be faftened to a cylin- 
der of wood, and thus firmly fixed in the 
fame place. The cylinder fhould touch the. 
bottom of the ftomach with its lower extre- 
mity, and reach fome way above that organ. 

1 applied this apparatus to a water-{nake, 
and at the endof the fixth day opened it lon- 
gitudinally. Upon examination my fufpicion 
that the cefophagus was without efficacy, was 
changed into firm perfuafion. The lower 
limbs, the part of the animal that had lain 
in the ftomach, had nothing left but the bare 
bones, whereas the whole body which had 
extended into the cefophagus had fuffered no 


‘injury. 


cxxvI. The experiments: related in the 
cxviith and following paragraphs were made 
in April, when the animals had lately quitted 
their fubterraneous lurking places, and fill 
‘retained fomewhat of that torpor which be- 
numbs them during winter. At this time 
digeftion, as we have feen, is a very flow pro- 
cefs. Are we to prefume, that when they 
become more lively, active, and vigourous, | 
as the heat of the feafon increafes, they like- | 
wife perform digeftion more {peedily ? for the | 
effect | 
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effe@ of heat in promoting the operation of 
the gaftric fluid appears from other facts 
(Lxxxvir). This idea was fuggefted by re- 
perufing the fine memoirs of the illuftrious 
Trembley on polypes, from which the influ- 


ence of the temperature of the atmofphere 


upon the digeftion of thefe wonderful ani- 
mals is evident; infomuch, that the very 
food which in a hot feafon is completely di- 
gefted in twelve hours, when it is cold re- 
quires fometimes two or three days. In or- 
der to determine whether the fame thing 
takes place in my reptiles, I chofe July for a 
term of comparifon, when the difference, if - 
any exifted, muft needs be more ftriking, as 
the thermometer in the fhade ftood at 22° and 
23°.(a); whereas in April, when the firft ex- 
periments were made, it did not rife above 
the twelfth or fourteenth deg. (5). And now. 
upon repeating the experiments already de- 
fcribed, I found that heat has fome power 
in accelerating digeftion, but not fo much as 


I had fuppofed. Flefh inclofed in tubes ad 


not require above two days to be completely 


digefted; and when an equal quantity was in- 


(2) Eighty-one and an half, and eighty-three and three- 
fourths, F. 
(5) Fifty-nine, and four and an half, F. 
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3 
troduced into the ftomach by itfelf, about | si 
half that time was fufficient. 
cxxvii. Naturalifts were already apprized — 
of the tardinefs of digeftion in ferpents. In 
Bomare we read an account of a ferpent at 
Martinico, which retained a chicken in its 
ftomach for three months, and did not com- 
pletely digeft it, for it {till preferved fome 
traces of its fhape, and the feathers {till ad- 
hered to the fkin(a). It is a circumftance | 
: deferving of particular notice, and which I 
{hall have occafion to apply in another place, 
that flefh does not become fetid from re- 
maining long in the ftomachs of thefe cold 
animals, as I have obferved in the courfe of 
my experiments, and efpecially in a viper, 
which having been kept above two months 
in my houfe, could not but be unhealthy; | 
this individual retained in its ftomach for fix- 
_ teen days a lizard, which had been previoufly 
macerated in the gaftric fluid; nor could I 
perceive that it had any odour, except that of 
this juice. And yet fuch was the heat of the 
feafon, that another lizard, about the fame 
fize, which I had placed out of curiofity in 
a clofe veffel, containing a little water, emit- 
ted an infupportable Genet before the expi- 
ration of the third day. 


(a2) Dict. d’Hift. Nat. 
| CXXVIII. 
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bj ‘exxvii, But what can Be tie caufe of 
this flownefs of digeftion in ferpents? As 
E are cold animals, that is to fay, as their 
blood very little exceeds the temperature of 
the air, it may feem probable that this phe-. 
nomenon might be owing to the want of that 
heat, which is peculiar to animals of warm, 
blood. And I fhould not have been unwil- 
ling to admit this caufe, if other animals, with 
blood equally cold, had not enjoyed the pri- 
vilege of digeftirg their food ina much fhort- 
er period, as we fhall foon fee (cxxxiv). We 
cannot aflign a deficiency of gaftric fluid as 
the ne We: for their ftomachs abound with 
it (cxxi11). I cannot attribute it to any 
thing but the inefficacy of the fluid itfelf; 
and this is by no means fingular, fer we have 
already difcovered a circumftance nearly fimi- 
lar in animals with mufcular ftomachs, in 
which the gaftric j juices do not fo foon digeft 
the food, as in animals with intermediate for 
machs (c1I1). ta: 
CxxIx. Of fifhes I fhall firft treat of that 
fpecies which bears fo ftrong a refemblance 
to ferpents, and is even confidered in the 
chain of animated beings, as the intermediate 
link between fifhes and ferpents, I mean the 
eel. The ftomach in this animal varies from: 
the {tructure generally obferved by nature; it 
wi 18. 
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is not a canal immediately continued with 
the duodenum, but a kind of blind gut, of 
confiderable length, ending in a point; after 
the food has been received into this gut, and 
been digefted, it mul. afcend, and return to 
the upper part of the ftomach, in order to 
pefs into the duodenum, which forms an 
acute angle with that upper part. The na- 
tural figure of both may be feen in Blafius’s 
Anatomy of Animals (2). i 
Into the ftomachs of four eels I introduced 
feveral tubes, containing pièces of fith, the 
food moft agreeable to eels. In order to pre- 
ferve them pus 1 turned them into a {mall 
ftew, whence I could take them at pleafure. 


They were killed at the end of three days and 


eighteen hours ; and the tubes were found at 
the: bottom. of the ftomach, entirely covered 
with a dark-coloured mucus, ‘which, on at- 


tentive examination, appeared to be the .re-. 


mains of the fith, that by this time was di- 
gefted. Upon wiping the tubes, ne examin- 
ing the infide, five out of eight were empty, 


and the three others contained a bit. of flefh 


of the fize of a vetch, but it had loft its 


‘cohefion. 


CXXX. This experiment abundantly proves, 


| that in this fifh digeftion is produced by the 


(a) Plate pin, Fio. . | 
gaftric 
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gaftric fluid; I therefore proceeded to expe- 
riments upon fuch as are more juftly entitled 
to the appellation of f/bes. I chofe for this 
purpofe carp, barbels, and pikes, as they were 
the moft eafy to be procured. It has been 
long well known that the alimentary canal in 
many fcaly fihes, is provided with one or) 
more blind appendixes, which, becaufe they 
lie in the vicinity of the pylorus, have been 
named pylorici; they are always full of a 
white, mucilaginous, and faltifh fluid, which 
is difcharged into the canal, and derives its 
- origin from a number of glands lying in the 
appendixes. In fome fpecies they are few, 
in others in confiderable numbers, and in 
others again exceedingly numerous; they 
‘amount in the fturgeon to an hundred; in 
thofe fpecies, in which they are moft nume- 
rous, the feveral fafciculi meet in a common 
du&; hence, notwithftanding their numbers, 
they difcharge their contents into the pylo» 
rus (4) by a few mouths. In the three {pe- 
cies I have juft mentioned, this fingular ap- 
paratus is not to be found; but the infide of 
the ftomach and inteftines is furnifhed. with 
| yellow bodies, that probably contribute in. 
fome way or other to digeftion, though I have 


(a) Haller, El. Phyf. T. 6. 
L4 not 
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not been able to afcertain their precife ufe. 
At firft fight they look like anular worms, 
adhering, as in newts, to the internal far- 
face of the ftomach (crx); but if we lay hold 
of them with the forceps, the anular form 
vanifhes, and we find that they are real ap- 
pendiculi to the ftomach and inteftines. 
When ftretched out, they are three lines 
long; each adheres to the villous coat by a 
footftalk. If we ftretch them till they break, ° 


a confiderable quantity of yellow liquor if- 


fues out, and the body becomes more fhri- 
velled; and if it be now removed from the 
place of its infertion, we find under it a little 
tumour, through which a globule is feen in- 
diftin@ly; and if the tumour be cautioufly 
railed, appears diftin&ly: it is of a yellowith 
white colour, from the liquor which it cons | 
tains. Are thefe globules clufters of glands, 
and the vermiform bodies elongated du&s for 


conveying the liquor into the cavity of the 


ftomach? I would very willingly have adop- | 
ted this notion, if I had not found that thefe 
fubftances, when comprefled from the lower 
end upwards, never difcharge their contents, 
either from the fummit, or any other. part, 
contrary to what happens when we {queeze 
the follicular glands in birds with mufcular, 
intermediate, or membranous ftomachs. On 

this 
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this account I fufpend my opinion on the fub- 
— jet; although I fhould incline to fuppofe 
that they are of fome ufe in digeftion. 

cxxxI. Immediately under the teeth, the 
very beginning of the cefophagus in the carp 
is moiftened with a confiderable quantity of a 
whitith turbid liquor, of a vifcid confiftence, 
‘and infipid tafte, which when wiped off is 
inftantly reproduced: and we here find a num- 
ber of whité papille, broad at their bafis, and 
terminating in a poiht, which, when prefled, 
emit the fame kind of fluid.’ If we make a 
gentle preffure any where near thefe. papille, 
. afluidiffues out, but, as I fhould fuppofe, of 
a different nature, fince it is tranfparent, thin- 
ner than the former, and not at all vifcid. 
With the cfophagus, which is very fhort, 
and of confiderable thicknefs, is continued 
the ftomach, of a membranous ftructure, and 
very thin. It is eafy to diftinguifh two coats 
in this organ, the internal and the nervous; 
in the latter are buried thofe globules, which 
left me in doubt whether I ought to confider 
them as clufters of glands (cxxx). In this 
fhort defcription, we fee fources capable of 
fupplying the ftomach with a large quantity 
of fluid, notwithftanding it wants the pylori- 
cal appendixes. » | 
CXXXII. 
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cxxxIt. The conformation of the ftomach 
in the barbel, does not correfpond either with 
thatof the carp, or various other fifhes. The 
cefophagus, ftomach, and inteftines confti- 
tute a fingle gut, nearly as in earth-worms, 
and a variety of infects; this gut is only a 
little dilated at the Romach, and contracted 
at the commencement of the inteftines. I 
could not difeover within this canal any vel- 
tige of glands or analogous bodies. How- 

ever, both the cefophagus and ftomach are. 
continually moiftened with a fluid in great 
abundance; which when we prefs or dilate 
either: of ier: cavities, is feen to tranfude 
from the internal furface; and fince, accord- 
ing to every appearance, it does not arife from 
glands, we muft fuppofe that it comes from — 
the open extremities of {mall arteries which 
terminate here. 

CXXXIII. The ftomach of the nike has the 
thape of a bag or fack, of much greater length 
than breath: it is full of longitudinal ruge, 
of a light flefh colour, and compofed of coats 
fo thin, as to be femi-tranfparent. The ruge 
extend upwards into the cefophagus, which 
is eafily diftinguifhed from the ftomach by its 
white colour, and greater thicknefs. There 
is no appearance of glands either in the one 

or 
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_or the other, though both, and efpecially the 
ftomach, abound with liguor. 
| exxxiv. As fifhes are fubject to vomiting, 
the tubes which I had introduced into the fto- 
machs of my carps, barbels, and pikes, were 
frequently returned; and I was often cha- 
grined at finding them, after a few hours con- 
tinuance in the body, at the bottom of the 
vefiel ufed for keeping them alive. How- 
ever, from frequently repeating my experi- 
ments, though fo many tubes were ejected 
prematurely, a few remained feveral hours 
in the ftomach; and thefe were fufficient to 
ey my wifhes. In the prefent cafe, the 
fame thing happened which I had fo often 
obferved in other animals; the flefh was di-. 
gefted > within the tubes, sod that ina much 
fhorter {pace than in ferpents (cxxv1, cxxviI). 
This obfervation was verified on the barbels, 
carp, and pike; the two latter-{pecies exhi- 
bited a phenomenon, too clofely connected 
with the prefent fubje& to be omitted. Hap- 
pening one day to open a pike, I found with- 
in it alittle fifh, about three inches in length, 
lying longitudinally along the ftomach, fo 
that the whole head occupied the cefophagus. 
I had here a clear view of the origin and pro- 
grefs of digeftion. The jaws of the {mall 
fifh ARIA their natural colour, and appeared 
unal- 
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unaltered. The eye was beginning to quit 
the orbit, and the gills had loft their purple. 
hue, and were become very foft. Inthe fto+ 
mach the marks of digeftion were more evi- 
dent. The flefh of the body was more and 
‘more tender as I proceeded downwards; and 
towards the bottom it had degenerated into a 
foft and fhapelefs mafs. The extremity of 
the tail, which had lain at the bottom of the 
ftomach, was entirely confumed, and with 
it the vertebre of the fpine, and the adjacent 
bones. I 

cxxxv. I met with another fimilar circum- 
ftance in a little carp. It had fwallowed a 
fmall lamprey, which was ftretched out at 
full length, and occupied the whole ftamach, 
| and at leaft two thirds of the cefophagus. 
The part that lay at the bottom of the fto- 
mach was changed into a kind of mucilage, 
in which there was no appearance of any thing 
| organized, except fome of the dorfal verte- 
bre. The parts that lay higher ftill cohe- 
| red, but they came away from the animal on 
being touched. The others, which occu- 
pied the cefophagus, fhewed likewife marks 
ef an incipient concoction. 

Nothing can be more anaes, than thefe 
two fa&s i They fhew, in the firft 
place, that the bottom of the ftomach digefts 

more 
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| more “quickly than the parts fituated above, 


as we have feen in other animals (xc): fe- 


i condly, that the cefophagus, ‘as well as the 


ftomach, is in fome meafure capable of con- 
co&ion, a circumftance that has been already 
noticed with refpect to crows and herons 
fix vit, HCIx, 04601) » and which phyfiolo- 
gifts have obferved before me in other fifhes. 
Laftly, that digeftion in the cefophagus is 
flower at its beginning, and in its progrefs; 
two things that have been remarked in the 
birds juft mentioned. I 
With refpe& to the triturating power 0 


the ftomach in thefe three fpecies ‘of fifhes, 


not to mention that digeftion has been ob- 
tained in the tubes without its. concurrence, 
I am of opinion that it has no exiftence; this 
I infer, from no effect being produced by it 
upon the tubes, upon which I have never 
perceived the {malle& bruife, contufion; or 
injury, in my experiments on fifhes, any more 
than on frogs, newts, and ferpents, though 
they were fo thin, that the flighteft force 
would have been more than fufficient to dif- 
tort or bruife them. 

cxxxvI. From cold animals let us proceed 
to fome experiments on the ftomachs of warm 


animals, fuch as fheep, oxen and horfes. 


Reau- 


Pa 
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Reaumur, in his fecond and lat Memoir (a) 
concerning digeftion, after relating at lenoth 
his obfervations on a kite, flightly touches on 
fome experiments upon dogs and fheep. I 
will here quote the refults of his experiments 


on the latter fpecies, referving thofe on the 


two others for another place. Defirous of 
fecing whether digeftion in theep is the effect 
of the gaftric fluid, he forced down the throat 
of one of thefe animals four tin tubes, two 


of which were full of freth blades of grafs, 


and the two others of chopped hay. Four- 
teen hours afterwards the fheep was killed 
and opened, when the four tubes were found 
in the firft ftomach, with their contents; and 
the grafs and hay were not in the {mallet de- 
gree digefted, and but little foftened. 
Sufpecting that they would undergo fur- 
ther alteration, and be even digefted. by a 
longer continuance in the ftomach, Reaumur 
caufed eight other tubes to be prepared in the. 
fame manner, i.e. four to be filled with freth 


~ grafs, and the remaining four with hay. The 


grafs before it was put into two of thefe tubes, 
and the hay before it was put into two others, 
were moiftened with human faliva. All the 
eight were forced down the throat of a fheep, 
which was killed thirty hours afterwards; 


(a) Hit. de 1’ Acad. Roy. An, 1752. > Tale | 
during 


DISSERTATION | Uy 159 


during this interval, the animal had been kept 

I ftri&ly fafting; this precaution had alfo been 
obferved with refpe& to the former fheep, that 

had not retained the tubes fo long. In the 
courfe of the thirty hours, the greater part 

«of the tubes were voided at the anus, but a 
few remained in the firft ftomach. 

But neither had the grafs or hay undergone 
the fmalleft degree of digeftion; they pre- 
ferved their original form and dimenfions; and 
when they 1 were pulled at the two oppofite 
extremities, refitted efforts to break them 
with the fame force that fimilar pieces of. 
grafs or hay, that had been a little macerated, 
would have done. Hence it is inferred by 
this illuftrious naturalift, that digeftion can- 
not be effected in the ftomachs.of fheep by a ° 
folvent, unlefs that folvent be aided -by tritu- 
ration: he was however ingenuous enough to 
confefs, that thefe two experiments are of 
themfelves very far from throwing fuch light 
upon the Paro fubje@ as he could tal 
wifhed. 

exxivir, “he  firfi atiling “I aaa 
with refpe& to fheep, was to repeat exactly 
Reaumur's experiments. Pi nkine the tubes 
I had hitherto employed too fmall, I had fome 
made eight lines in length, and four in dia- 
meter. But I could not at firft introduce 
them 
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them into the ftomach. After T had put 
them into the throat with my hand, though 
I pufhed them as far as my fingers would 
reach, they were always returned... I was 
unacquainted with Reaumur’s method, for 
he does not give the leaft information about. 
it. At laft an expedient occurred; it con- 
fifted in putting the tubes, provided well their 
contents, into a hollow cane, and intro- 
ducing this cane into the cefophagus; I could 
now pufh them forwards with a rod, till 
they dropped out at the lower end of the cane 
into the cefophagus ; and as the part of the 
cefophagus into which the tubes were now 
introduced, lay at a great diftance from the 
mouth, the animal, in fpite of all the efforts 
he made to return them, was obliged to re- 
ceive them into the ftomach: to the i con= 
trivance I had recourfe likewife for oxen and 
horfes. Six tubes were given to a fheep; in 
“twenty-feven hours it was killed and opened; 

it had eaten nothing during all the time it, 
retained the tubes; and this precaution was 
{tri&ly obferved upon every {heep upon which 
experiments were made. Notwithftanding 
fo long.a faft, the firft ftomach contained a’ 
large quantity of grafs, fomewhat triturated; 

and though it had fed upon this before the 
experiment, it was not yet digefted. In the 
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| midft of this grafs, that was thoroughly im- 
bibed with a greeni(h fluid, with which great 
part of the ftomach was filled, lay five of the 
tubes; the fixth had paffed to the fecond fto- 
mach, which may be confidered as an appen- 
dix to the firft. The herbs which I enclofed 
sin the ttibes, after impregnating with my fa- 
diva, Weré beet, trefoil and lettuce; for three 
tubes I had ufed them green, and for the reft 
‘dry. Upon opening all the fix, I could not 
perceive that either the freth or the dried 
plants had fuffered any diminution, or under- 
fone any degree of real concoction; they had | 
only become a little tenderer, and the frefh 
herbs had loft their green colour; in fhort, 
the refult of this experiment was exa@ly like 
that of Reaumur’s. | 
cxxxvili. I fhould then have fuppòfed, | 
that in thefe animals digeftion depends on the 
triturating power of the ftomach, if it had 
not occurred, that, as the herbs enclofed in 
the tubes had not paffed further than the fir 
itomach, they might not perhaps have felt 
the influence of that kind of gaftric fluid, 
which is requifite for the conco&ion of the 
food: for it is very poffible that this fluid may 
refide in fome of the other ftomachs, and 
efpecially in the fourth, in which the ali- 
ments of animals with four ftomachs, fuch 
ror. 1, M as 
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as fheep, are always found in the ftate of a 
very foft pafte. Reaumur indeed did not 
perceive any fign of digeftion even in the 
tubes that had been voided at the anus, and 
confequently muft have paffed through the 
other fomachs. But this obfervation refted 
upon a fingle experiment; and to illuftrate 
(till further a matter of fuch importance, it 
could not but be proper to repeat it. Ithere- 
fore treated another fheep in the fame man- 
ner, and allowed it to live thirty-feven hours 
afterwards, that the tubes might have time to 
pafs beyond the firft ftomachs. They did in 
fact pafs beyond them; and I found all fix 
in the fourth, which anfwered the end I had 
in view; the three {pecies of plants however, 
| mentioned above (cxxxvi1), both the green 
and the dry, were entire, and feemed only 3 
little foftened by maceration. 

CxXxxIx. I was now about to declare in fa- 
your of the neceflity of trituration in this ani- 
mal, when a doubt occurred. Neither Reau- 
mur nor myfelf hadadverted to a circumftance, 
which ever precedes digeftion, both in theep, 
and every other quadruped endowed with four 
ftomachs, as goats, oxen, “deers, &c. I mean 
rumination. We are taught, both by dif- 
feGion and daily experience, that the food, 
when it pas arrived at the fecond ftomach, 

deh 
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‘does not immediately proceed to the third,‘ 
‘and thence to the fourth, but, on the con- 
‘trary, returns, and re-afcends up the cefo- 
phagus; and when it has reached the cavity 
‘of the mouth, is mafticated and ground over 
| again, and impregnated with a large quantity 
of faliva; this procefs is repeated, till it be- 
comes fit to be digefted. I therefore enter- 
tained many doubts whether the phenomena 
obferved by Reaumur and myfelf, were not 
‘ rather owing to the want of rumination than 
of trituration. Wherefore, in order to de- 
cide with certainty concerning digeftion in 
heep, “È perceived it would n neceflary to 
| repeat the experiments with plants previoufly 
triturated. And I did not conceive that this 
trituration was any thing fo peculiar in rumi- 
nating animals, that it E not be fupplied 
by man, provided he mafticated the herbs 
well, and impregnated them thoroughly with 
‘ faliva. I therefore performed this cafy do 
fation; the ufual tubes were - employed ; 
three st them pieces of the green plants were 
enclofed, and in three others of the dried; 
but both had been well mafticated: the lines 
‘and nerves that traverfe the leaves, were how- 
ever eafily diftinguifhable. Left, when thus 
broken down and divided, they fhould pafs 
outat the lateral pores, or through the mefhes 
M 2 of 
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of the lattice-work, I thought it would be 
proper to enclofe each tube in a linen bag; 
{uppoling that in the prefent cafe that it would — 
not be broken, fince that mufcular a&ion, 
which is fo confiderable in gallinaceous fowls, 
does not exift in the animals in queftion. I 
gave the fix tubes to a ram, together with 
fix others, filled with the fame plants, but 
not previoufly mafticated, that I might be 
able to form a comparifon. Fourteen hours 
after the animal had taken them, he vomited 
three at once; and in thirty-three hours five. 
more were voided at the anus; at the end of 
two days he was killed. Of the four remain- 
ing tubes, two were found in the ftomach, 
and the other two at the end of the duode- 
num; the bag in which they were enclofed 
was entire. The tubes that had been vomited 
had received more or lefs injury ; the contents . 
of two had. not been mafticated, nor had | 
they undergone the fmalle{t alteration. The 
contents of the third had been mafticated, 
and were evidently waited; for they now oc- 
cupied little more than half the tube, whereas 
at firft they had entirely filled it; they had 
acquired a fubacid tafte. Many of the pieces 
having loft their natural firmnefs, broke when 
I attempted to ftretch them; the nerves only 
‘made fome refiftance. 

In 
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In two of the tubes voided at the anus, the 
pieces of plant had not been mafticated ; thefe 
did not feem at all diminifhed, nor was the 

_cohefion of the parts deftroyed; on the con- 
trary, the plants in the other three (which had 
been mafticated) were reduced almoft to no- 
thing; the fmall remains confifted of bare 
nerves, with a little of the leaf attached; and 
both the one and the other were fo much 
foftened, that the flighteft force was fufficient 
to break them. The bag in which they were 
enclofed was dyed green, particularly in its 
infide; when twifted and prefled between the 
fingers, it yielded a livid yellow juice, of an 
acid tafte. This was far from being the cafe 
in the bags which contained the two fides, of 
which the contents had not been chewed : 
their infide had fcarce a fhade of green; and 
this fhade was {till lefs perceptible in the juice 
expreffed from them. With refpect to the 
tubes found in the lat ftomach, and at the 
end of the duodenum, the contents of the 
former had acquired a deep green colour, were 

a little macerated, but had not loft much of 
their natural firmnefs, and did not appear to 
be diminifhed in bulk, They had not been 
mafticated, but thofe of the two others had ; 
and of them there remained only fome of the 
largeft nerves, which were themiclves very 

. M 3 tender, 
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tender, and half decompofed, I have al- 
ready obferved, that the tubes voided at the 


mouth were more or lefs bruifed; but all the © 


reft were quite free from inj ury. 


cxL, The reader is already aware of the — 


immediate confequences of thefe experiments. 
In the firft place it appears, that the gaftric 
fluid of fheep has no effect 1 in digefting plants, 
unlefs they have been previoufly mafticated'; 

otherwife it tan only produce a flight mace- 
‘ration, nearly as common water would do in 
a degree of heat fomewhat exceeding the me- 
dium temperature of the atmofphere. Se- 
condly, this fluid is abundantly capable of di- 
cao plants, provided they are previoufly 
reduced to pieces by maftication; its firft ef- 


fect is to foften them, and deftroy their na- 


tural confiitency; it then proceeds to diffolve 
them, not even {paring the tougheft parts, 
fuch as the nerves of the leaves; of this folu- 
tion we have a clear proof in the green colour 
that appears on the linen enclofing the tubes, 


and in thej juice exprefled from it (2). Thirdly, | 


the triturating pawer, of the ftomach does not 
at 


(2) During my agreeable refidence at Geneva in the fummer 


ef 1779, I had what I had long wifhed for, the fatisfa&ion of | 


being perfonally acquainted with my illuftrious friend Mr. Botte 
net, and of enjoying much of his converfation, I had alfo an 
. oppore 
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at all contribute to digeftion in fheep, but this 
| procefs is entirely TOS by the gattric juices, 
ay al ‘ourthly, no fuch power exifts in fhecp, as 
we fee from the tubes that were voided at the 
anus and found in the ftomach having fuftained 
“no injury, notwithitanding preffure alone be- 

tween 


opportunity of taking his opinion on fome produ@ions, which 
i defigned to publith, and particularly the prefent work con- 
cerning digeftion.. Three other reputable philofophers and 
excellent judges of the fubject were prefent at the reading, Mr. 
Abraham Trembley, Mr. Johannes his worthy nephew, and 
Mr. Senebier, Librarian of the Republic of Geneva; and it 
did not appear tome, that my labours were difapproved by this 
refpectable aflembly, Mr. Bonnet gave me a book to perufe 
on the fame fubje&, which, as it was new to me, made us ap- 
prehenfive, left the author fhould have anticipated me; it was 
intituled, «* Effai fur la Digeition, & fur les principales Caufes 
‘de la Vigueur & de la Durée de la Vie. Par Mr) Batigne, 
M.D. Berlin, 1768, 12mo.’? But I was foon aware, that 
Mr. Batigne and myfelf had purfued very different paths; in 
his book he does not enter into any experimental enquiry con- 
cerning digeftion, but confines himfelf to reflections, which, 
although they are very pertinent and fenfible, are calculated 
rather to excite than fatisfy the reader’s curiofity. Hence i 
fhould not have mentioned it, but for fome objections ftarted 
againft Reaumur’s Memoirs on Digeftion. Thefe I fhall touch 
upon in a few fhort notes, at.fuch places of the text as they 
feem moft connected with. And here it is proper to mention 
one objection relative to the digeftion of ruminating animals, 
which, before I was acquainted with Mr, Batigne’s book, I 
had myfelf urged againft Reaumur, and which experiment 
proves to be perfectly juft. It confifts in fhewing, that the 
French naturalift had omitted the maftication of the plants en- 
clofed in the tubes before he introduced them into the Romachs 
of fheep, which was the reafon why they were not digefted. 

M 4 Nearly 
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tween the fingers is fufficient to flatten them, 
Fhe contufion of the tubes that were vo- 


. mited is no proof of the contrary, fince it is 


evident, that this contufion was produced by 
the teeth of the animal during rumination, 
Laftly, thefe vegetables acquire a flight aci- 
dity during folution, but of this we fhall have 
another opportunity of {peaking hereafter (2). 

cxiI, This quadruped feeds not only upon 
grafs, but upon corn alfo whenever it meets 
with if; it is likewife very fond of bread. 
In order therefore to confirm full farther 
what has been advanced, I thought it would 
be proper to make an experiment upon fome 
kind of grain, I {elected wheat for this pur 
pofe ; and as wheat may be procured under the © 
various forms of feed, flour, and bread, I 
chofe to make trial of all three. Six tubes 
were filled, three with thofe fubftances with- 
out any other preparation, and three others 
with the fame after they had been well maf- 


Nearly the fame objeRion is urged by the learned phyfician in 
thefe terms; *« The experiments (of Mr. de Reaumur) upon 
ruminating animals are fill lefs conclafive; the grafs contained 
in the tubes could be only macerated, fince it was neither 
chewed nor broken down a fecond time by rumination,’”® {L.c, 
Troifieme Reflexion fur les Experiences de Mr. de Reaumur).. | 
It was a piece of juftice due to Mr. Batigne not to overlook — 
this paffage. i 

(2) Inthe laft differtation. 


ticated, 
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ticated. The tubes were enclofed in linen 
bags as before, and given to a lamb fix months 
old. It was killed thirty hours afterwards; . 
none of the tubes were either vomited or 
voided at the anus; they were found partly 
. in the third and partly in the fourth ftomachs, 
The refult of this experiment coincided with 
that related above (cxL). ‘The grain, flour, 
and bread, that had not been mafticated, were 
indeed penetrated thoroughly by the gaftric 
fluid, but not at all diffolved. On the con- 
trary, the corn which I had firft bruifed with 
a peftle and then ground between my teeth 
and. reduced ‘to a ar pafte, was: in great 
meafure confumed; nothing remained in the 
 tubes but dara asà of hei bran, with fome 
fmall remains of farinaceous matter adhering. 
The like had happened to the flour and bread, 
what remained confifted of a mucilaginous 
mafs, without any appearance of what it had 
originally been, This matter had a flight 
degree of acidity, a quality which was far 
more evident in the bread, flour, and grain 
that were not diffolved by the gaftric fluid for 

want of previous maceration. 
cxLII. The vaft quantity of gaftric fluid 
with which ruminating animals are continu- 
ally fupplied, was already known, to phyfio- 
logifts, and particularly to the great Haller. 
After 
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After a fait of two whole days, I have found © 
thirty-feven ounces in the two fir ftomachs | 
ofa fheep. It was green, but I know not 
whether this colour is natural to it, as the 
yellow hue is to that of crows (LxxxI); or 
rather whether it: is adventitious, ‘and de- 
rives its origin from the plants on which 
thefe animals feed, of which, notwithftand- 
ing fo long a-falt, there were fill fome re4 
mains In the two ftomachs. The great quan- 
tity of juice I had colle@ed induced me to 
try whether, like that of feveral other ani- 
mals, it was capable of digefting food out of 
the body. Itherefore enclofed feveral pieces 
of leaves of lettuce in two fhort glafs tubes 
(which I had previoufly filled with the juice), 
and fealed them with wax at each end. The 
contents of one tube, as before, were matin 
cated, while thofe of the other were left un- 
touched. It was proper on the prefent occa- 
fion to employ a term of comparifon, by re- 
peating the fame experiment upon two other 
tubes filled with water. That thefe four tubes 
might be expofed to a degree of heat nearly 
equal to the temperature of fhecp, I fixed 
them under my axille, two under each axille, 
where they continued forty-five hours. The 


leaves immerfed in the gaftric fluid, which 
had been previoufly macerated, had under- 


gone | 
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| gone no inconfiderable change. Befides the 
lofs of their bright green colour, they were 
converted into a kind of glue, in which it was 
juit poflible to find, with the point of a pen- 

knife, a few nerves, which were the only re- 

* mains of the organization of the plant. This 
was far from being the cafe with the leaves 
that had not been mafticated; for all the 
pieces were diftinguifhable, and the only dif- 
ference was, that they did not make fo much 
refiftance as at fir&. The leaves immerfed in 
water, both thofe which had been chewed, 
and thofe which had not, had not loft either 
their colour or confitence. From this com- 
parifon it appears, that the gaftric fluid does 
not a& on the plant asa mere aqueous fluid, 
but as a real folvent, nearly as it a&s in the 
ftomach itfelf. Nor was the heat to which 
it was expofed under my axille a condition 
without its part in the production of this in- 
cipient digeftion; for in pieces of the fame 
leaves of lettuce mafticated in the fame man- 
ner, but kept in my apartment, of which 
the temperature was about fixteen (a) deg. 
there appeared only a fuperficial maceration, 
notwithftanding they remained immerfed in 
the fame gaftric- fluid for the fame fpace of 
tune. 


(a) Sixty-fix, Fahren. 
exii. I 
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cxLiit. I clofed my enquiries concerning 
the digeftion of ruminating animals by fome 
experiments on oxen. In thefe the fame tubes 
and plants were employed as before, and the 
refults perfectly coincided with thofe obtained — 
from fheep; only in the prefent inftance, Na- 
ture was more fpeedy in her operation, In 
Jefs than twenty-four hours the tubes, which 
had been given to two oxen, were voided alen: 
with the excrements not in the leaft contu- 
fed or injured. When taken out of the linen 
bags and examined, they were found to con- 
tain little more than the bare ribs and nerves 
of the leaves of beet, lettuce, and trefoil 
(which leaves had been previoufly mafticated) S 
The nerves were alfo in fome degree macera- 
ted, and the flighteft force was fufficient to 
break them. On the contrary, pieces of the 
fame plants that had not been {ubjected to 
maceration were indeed flightly concoéted, and 
their colour was a little faded, but they were 
entire. When applied to the tongue, they 
tafted fubacid, like thofe which had been in 

the ftomachs of theep (cxxx1x, cular 3 
The horfe does not chew the cud, but he 
refembles the ox in the membranous ftruc- 
ture of his ftomach, and the food upon which 
he lives. I was therefore defirous of {eeing 
what changes mafticated plants would under- 
go 
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go by continuing a certain time in the ftomach 


of this quadruped alfo, enclofed as ufual in 


tubes. Here too they were digefted, as I 
learned from fome lettuce and trefoil enclofed 
in two tubes, which were voided i in fifty-twe 
hours. 

cxLIv. When I reflect upon the various ani- 


‘mals to which my enquiries concerning digef- 


tion have been hitherto extended, I perceive, 
that the ruminating {pecies very nearly refem- 
ble birds endowed with mufcular ftomachs, 
with refpe& to the action of the gaftric fluid. 

In both, that fluid requires an agent capable 
of breaking down and triturating the food, 

before it can diffolve and digeft it. From the 
mouth of granivorous birds, where it under- 
goes no real alteration, the aliment pafies im- 
mediately into the craw, where it is foftened 


and macerated; from this receptacle it de- 
- f{cends into the ftomach: the triturating power 


| of this organ performs the office of teeth, and 


breaks, ‘grinds, and, if I may fo fpeak, pul- 


a it, and thus renders it fit to be diffolved 
| by the gaftric fluid, and converted intochyme. 


Nature employs a fimilar contrivance in ru- 
minating animals. ‘The hay and grafs defcend 
immediately into the firft and fecond ftomachs, 


in nearly the fame ftate as. when they were 
| browfed. Here they are foftened by the great 


quantity 


me ‘Dida oO ee, 


quantity of gaftric juices, as feeds in the craw 
of birds with gizzards. But as the ftomachs 
of ruminating quadrupeds have no fentible tri- 
turating power (cxxxIx, Cxi, cxL111), and 

the food requires trituration, nature has wife- 
ly provided for this by caufing it to afcend, in 
confequence of a gentle ftimulus to vomit, 
into the cavity of the mouth, where, by means 
of rumination, it receives the neceflary pre- 
difpofition to be digefted by the gaftric fluid, 
_as happens to the food in the ftomachs of gras 
nivorous fowls, after they have been Pierely 
triturated by the gaftric mufcles. 


\ 
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THE SUBJECT OF DIGESTION IN ANIMALS 
WITH MEMBRANOUS STOMACHS CON- 
TINUED. THE LITTLE OWL. THE 
SCREECH OWL. THE FALCON. THE 
Praue. 7 PARRA 


ne 


CXLV. RESIILÀ having dii, in 
his firft memoir of the mode of 

| digeftion in granivorous and herbivorous fowls 
which are provided with gizzards, proceeds 
in his fecond to enquire into the nature of that 
function in carnivorous birds, of which the 
ftomach is membranous. From the facts re- 
lated in the firft memoir he concludes, that. 
there does not exift in the gizzard any folvent - 
‘capable of feparating the particles of the food. 
This feparation, he thinks, is effected by a 
force refembling that exerted by mill-ftones, 
Viz. 


#70, bi sosti ra how 19) 

viz. the action of ftomachs of this conftru&igfi 
upon their contents. He is moreover of 
opinion, that the facts adduced in the fecond 
memoir prove the exifterice of a menftruum in 
membranous ftomachs, capable of diffolving 
and digefting the aliment without borrowing 
any aid from the action of the folid parts. 

As the great object of the fir differtation 
was to enquire by experiment into the mode 
of digeftion in fowls with mufcular ftomachs, 
I had there an oppor tunity of confidering 
fully Reaumur’s experiments on that fubje&; 
and we have accordingly feen, that the con- 
fequences he has deduced from them are by 
no means to be admitted in their full extent. 
This is plain from the xxxix, xL, XLI, XLII, 
XLIII, xLvth paragraphs, to which, for the 
fake of avoiding ufelefs repetitions, I refer the — 
reader. The prefent differtation, in which 
the fubje& of digeftion in membranous fto- 
machs is continued, is the proper place for 
confidering the experiments related in the fe- 
cond memoir. As of all fowls birds of prey 
approach neareft to man in the ftructure of the 
ftomach, he chofe one of thofe large kites that 
are common in France, for the fubje& of his 
enquiries. ‘The periodical vomiting, common 
to all birds of prey, allowed the French na- 
turalift to make a variety of experiments on 


the 
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_ the fame individual. He employed tin tubes 
filled with different fubftances, efpecially 
flefh, which, after having been fome time 
‘in the ftomach; were thrown up, and gave 
him an. opportunity of examining the effects 
produced upon the contents. That the fleth 
was more or lefs digefted according to the 
length of its continuance in the body of the 
animal, was the general and invariable refult 
obferved by Reaumur (4). Hence he juftly 
infers, that in this cafe digeftion is produced 
by the gaftric fluid, without the concurrence 
of any triturating power. He mentions fome 


(a) Mr. Batigne thinks, that flefh enclofed in tubes was in- 
fufficient to convey a precife idea of the alteration it undergoes 
in the ftomach, as it is only macerated in tubes, and not dia 
gefted. ‘€ On voit de plus que la viande mife dans les tubes 
ne peut donner une idée precife des changeinents qu’elle fubit 
dans l’eftomac de l’animal, puis qu'elle n’y eft que macerée & 
non point digerée.’ ° (L.c. premiere Reflection fur les experiences 
de M. de Reaumur.) ‘The author muft allow me to obferve, 
that in this attack he mifreprefents Reaumut, who, P. 4605, 
&c. of the Mem. of the Roy. Acad. exprefsly fays, that the flefh 
given to the kite was not merely macerated or foftened, but 
completely digeited, and at laft entirely confumed. He might 
indeed have obje&ed to the fmall number of his experiments, as 
infufficient to afcertain the efficient caufe of digeftion, if that 
philofopher, whofe ingenuoufnefs was equal to his ‘fill; had 
not perceived and publicly owned it himfelf. That tubes, pro- 
vided the experiments are properly made and varied, are well 
adapted to fhew the change produced upon food in the ftomach, 
will be abundantly proved by the faéts adduced in this treatife. 


Vor. I. N other 
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other experiments, which I fhall have occa- 
fion to confider below, and concludes from’ 
analogy, that digeftion in other birds with 
membranous ftomachs is produced in the 
fame manner. He laments, however, that 
from the death of his kite, and his negle&- 
ing to fubftitute other animals in its ftead, 
he could not adduce facts fufficiently nume- 
rous to illuftrate the fubje& fully. He pro- 
mifes to fupply the deficiency on fome future 
occafion, but his death, by which a few years 
afterwards natural philofophy loft one of its 
great ornaments, prevented him from fulfill- 
ing his promifes. 

cxtvi. I do not prefume that I fhall be 
able to accomplifh, what neither this illuftri- 
ous naturali, nor any other, as far as I know, 
has effeGed. But fimply with the view of 
continuing my obfervations and refle&ions on 
digeftion in fowls with membranous ftomachs, 
I fhall relate fome experiments on different 
birds of prey, of which fome feek it by night, 
and others by day. Among the former, I 
have ufed fuch as I could moft eafily procure, 
the little owl and the fcreech-owl. The food 
which I gave the firft-mentioned fpecies (a), 


{a) This fpecies is called by Buffon petzte. chouette, Hift. Nat. 
— des Oifeaux, T. 2, Ed. in 8vo. and by Linnzus frix paferina, 
lee. 


and 


dt, Ss SH ORITTAATTio We > 1 179 


and which it eagerly devoured, has enabled 
me to folve, among other problems, one that 
_exercifed the fagacity of M. de Reaumur. 
_ Finding that the gaftric fluid of the kite di- 
_ gefted fleth, he wifhed to know whether it 
would alfo digeft vegetables; a circumftance 
he did not think probable, when he confidered 
the repugnance carnivorous birds fhew for 
them; and fo in fact it happened. When 
beans, peafe, wheat, inclofed in tubes, had 
lain fome time in the ftomach, they were 
thrown up juft in the fame ftate as they had 
_ been fwallowed: nor did boiling difpofe them 
to be diffolved any better by the gaftric fluid. 
Some fparrows, which I gave my owls, af- 
forded me an opportunity of obferving the 
fame phenomenon. As they fwallowed them 
whole, they of courfe would receive into the 
{tomach feathers and food not yet digetted by 
the fparrows, and confifting of grain or bread. 
Now, after the flefh has been digefted, the 
feathers are vomited generally in the form of 
a hard ball; and along with the feathers the 
grain, which; though it is much foftened by | 
maceration, yet continues whole. And if 
the matted feathers be difentangled, we may 
generally perceive evident traces of - bread. 
Hence we have a clear proof that the gaftric 
fluid produces no change on fuch vegetables. 
ese CKL Rake 
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cxLvit. This fact, fimple as it is, fhews 
two things, of fome importance: firft, that 
the ftomach of this bird is really membranous, 
and without any power of trituration: this 
appears from the grains (cxLv1) continuing 
whole, though they had been foaked till they 
were become fo tender, as to burft on being 
gently fqueezed between the fingers. I would 
not however affirm that the ftomach has no 
action at all; for the globular mats of feathers 
can only be produced by this vifcus contracting — 
as the flefh is digefted. 

The digeftion of the bones alfo deferves 
attention. It cannot be faid that they are 
voided along with the excrements; for I muft 
foon have been aware. of this, as I kept my 
owls in cages; nor, for the fame reafon, could 
it have efcaped my notice if they had been vo- 
mited. I have indeed fometimes found two 
or three little bones, as a dorfal vertebra, or 
a piece of the cranium, among the matted 
feathers, but never any thing like the whole. 
fkeleton. We muft therefore conclude that 
they are digefted. 

cxLviii. Reaumur’s kite was capable of 
digefting bone, though of the hardeft tex- 
ture, and enclofed in tubes (4). Though 
the experiment juft related is fufficiently de- 


(a) Mem. cit. 
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cifive, yet, as the bones were loofe in the fto- 
mach, in order to be abfolutely certain that 
the effect was produced by the gaftric fluid 
‘alone, it was proper to repeat it with a tube ; 
with this view a piece of the thigh of a pi- 
geon was put into one of the fame tubes that 
I ufed before: thus two experiments, one on 
the digeftion of flefh, and another on that of 
bone, were made at once. By long practice 
upon birds of prey, I learned how-to keep 
the tubes in the ftomach as long as I pleafed. 
When I had given one of my tubes to an 
«owl, after it had been full fed, I found it was 
not thrown up till all the food was digefted. 
‘This obfervation is applicable to all other 
birds of prey. The fame thing alfo happened 
when they were fed fparingly. All the dif- 
ference was, that as the full ftomach requires 
more time to be emptied, the tubes were re- 
tained longer, and wece verfa, when they 
were fafting, the tubes were fure to be re- 
turned in two or three hours. This obfer- 
vation, together with the knowledge I had 
acquired from experience, of the time thefe 
birds take to digeft a given quantity of food, 
enabled me to guefs pretty exactly how long 
the tubes would continue in the ftomach. 
I return now to the tube in which part of 
a pigeon’s thigh had been put. After feven- 
Ni3 | teen 


/ 
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teen hours continuance in the ftomach, the 
bone was no where changed except at the. 
broken ends, which were a little foftened. 
The fleth, by which it was covered, as well 
as the integuments, had begun to be dif- 
folved, for the furface was become exceed- 
ingly tender, In fourteen hours more greater 
effects were produced. The flefh was con- 
fiderably wafted; the bone was fhortened at > 
the ends; and was fo foft, as to. yield to the 
preflure of the finger. In twenty-feven hours 
more, there was no remains of fleh or pe- 
riofteum, and the bone was a good deal 
fhorter than at firft. I could not but be de- 
firous of feeing the end of the experiment, 
and therefore replaced the bare bone in the 
tube. When it had remained twenty-one 
hours in the ftomach, it had loft the marrow, 
and the internal cavity was enlarged, though 
the girt was leffened. This arofe from the 
corrofion of the internal and external furfaces 
at the fame time. Both furfaces were covered 
with a yellow fluid, that had at once a bitter 
and falt talte; and points of gelatinous matter 
were difperfed over them, ‘The bone, thus 
half diflolved, was put again into the tube, 
and. left thirty-two hours longer in the fto- 
mach. If the reader will conceive a cylinder 
of thin paper, uneven at the ends, and per- 

| forated 
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 forated with feveral holes, he will have an 
idea of the ftate of the bone when it was ta- 
ken outofthetube. It was covered with the 
fame fluid, which muft have been the gaftric 
liquor; and the gelatinous points now alfo 
| were difperfed over the furface of the leaf; 
this jelly was the offeous matter itfelf, re- 
duced to this ftate by the action of the gaftric 
fluid. Laftly, nine hours longer continuance 
in the ftomach, left only a few fmall chips. 
This one experiment convinced me, that the 
gaftric fluid of the little owl is capable of di- 
| gefting bone as well as flefh, without the con- 
currence of any external agent: it alfo fhews 
the gradual progrefs of digeftion. 
cxLIx. Having fo far fatisfied my cu- 
riofity, it remained to enquire into the nature 
of this fluid, and-its effects out of the ani- 
mal body. With the fmall fpunges, by 
means of which I obtained fo large a quan- 
tity from crows (Lxxx1, Lxxx11i), I pro- 
cured it in due proportion from the fpecies of 
owl in queftion. I fay in due proportion ; for 
It is evident, that as the ftomach of thefe 
birds will not admit fo many tubes as that of 
cfows, it cannot yield fo much gaftric fluid. 
Befides, I had only fix little owls, whereas 
I could get as many crows as I pleafed. It 
was wonderful how foon the fpunges were 
N 4 filled 
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filled with liquor. As they were introduced 
into the empty ftomach, they were foon 
thrown up, agreeably to an obfervation made | 
above (cxLvII); and yet they were as full of | 
juice, as if they had been dipped in water; 
and frefh ones immediately forced down the 
throat, yielded a nearly equal quantity. I 
obferved the fame thing in crows (LxxxIII). 
Whence it appeats, with what care Nature 
provides a large fupply of gaftric liquor 
in thefe animals, as digeftion is entirely de- 
pendent upon it. The juice was inftantly 
{queezed out of the fpunges into a fmall glafs ; 
it appeared to have the fluidity of water, but 
was of a reddifh-yellow colour, like the yolk 
of an egg, This colour was not inherent 
in the gaftric liquor itfelf; it arofe from an 
immenfe number of very fmall yellow cor- 
pufcles, {carce perceptible by the naked eye, 
but eafily feen by help of the microfcope. In 
afew hours they fubfided to the bottom, in 
the form of a yellow fediment, and left the 
fluid above tranfparent, like water, where it | 
has been freed from mud that was diffufed 
_ through it and rendered it turbid. The fir& | 
time I faw this phenomenon, I fufpected it 
was owing to fome impurities that remained 
in the ftomach, and were mixed with the 
Juice, Before the next experiment, in order _ 
| to 
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‘to be certain that the ftomach was free from 
heterogeneous fubftances, I kept the animal 
fafting for a longer time than ufual; but this 
did not prevent the yellow colour from appear- 
ing. Upon opening the ftomach of an owl 
that had been long kept fafting, I could find 
no foreign fubftance, but the fluid was as 
yellow as that {queezed out of the fpunges, 
I was therefore convinced that thefe particles, 
though I could not difcover their origin, did 
not come from any remains of the food. 
The gaftric liquor of the little crow, like 
other gaftric liquors, is a little falt and bit- 
ter: it evaporated fooner than water. It 
leaves a fediment of the yellow particles, 
which gradually becomes dry, and forms a 
blucifh yellow cruft; it is not at all inflam- 
mable. It has one property common to every 
gaftric fluid I have hitherto examined, or 
fhall have occafion to mention in the fequel; 
though it is expofed to the open air for weeks 
and months, in the hotteft feafon, it never 

becomes putrid. . i; 
cy. Such are the properties of the gaftric 
liquor of the {mall owl, when examined 
alone. Let us proceed to the effects it pro- 
duces on flefh out of the body. In thefe 
experiments I ufed calves inteftines, a kind 
of food which this bird devours very gree- 
dily, 


te 


— 
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dily. Forty-fix grains were immerfed in fome | 
recent gaftric fluid; and at the fame time an 
equal quantity of the fame inteftine was put | 
into a phial exactly like the former, and an 
equal quantity of water was poured upon it. 
Whenever I have made experiments, with a 
view to compare the effects of the gaftric li- 
quor and water, I have taken care that all 
circumitances fhould be alike. To prevent 
evaporation, the mouths of the phials were 
{topped with paper; they were fet near a kit- 
chen fire, where the ufual heat was between 
thirty and thirty-five degrees. In eleven hours 
fome black {pots began to appear upon the 
inteftine in the gaftric fluid, which were at 
firft thinly fcattered over it, but became gra- 
dually more numerous, till in twenty-four 
hours they almoft covered it. During the | 
formation of the fpots, I examined the intef- 
~ tines with the microfcope, and found that 
where they appeared, the flefh was foftened, 
and had loft its fibrous texture. | When they 
had. {pread over the whole piece, I took it 
out of the liquor, and wafhed it with pure 
water; and now it recovered its white co- 
Jour, for the black covering confifted of a 
thin ftratum of flefh, which the gaftric fluid 
had conco¢ted. It was very eafily rubbed off, 
and fell to the bottom of the water in ex- 

| ceedingly 
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ceedingly {mall particles, where it formed a 
black fediment, and when viewed by the mi- 
crofcope, feemed to be a collection of mole- 
cules of flefh, with no appearance of fibres, 
When the piece of gut was dried, it weighed 
only twenty-eight grains, and had therefore 
loft eighteen; the piece that had ftood in 
water for the fame length of time, was quite 
fetid; whereas the other emitted no difa- 
greeable {mell: after wafhing and drying, it 
was found to have loft feven grains. Both 
pieces were again put into the phials, with 
the fame quantity of water and gaftric fluid, 
and left in their former fituation for two days. | 
The latter had now loft its fhape and organi- 
zation, and was converted into a black muci~ 
lage, of which the particles had no longer 
any cohefion. The gaftric liquor had there- 
fore diffolved the piece of inteftine complete- 
ly; an effect, which neither water nor putre- 
faction had produced upon the other; for 
there was a remainder of nineteen grains, that 
not only retained its fibrous ftructure, but 
made confiderable refiftance when I attempted 
to tear it. | 
err. I did not negle& to examine the 
ftomach and cefophagus of this fpecies of 
owl, as I conceived that it would be impro- 
per to omit a brief defcription of thefe or- n 
gans 
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gans in the animals upon which my experi- 
ments were made. If the beginning of the 
duodenum be tied, fo as to {top the air from: 
pafling, and the upper end of the cefophagus. 
be inflated, we get a view of the cefophagus. 
and ftomach dilated.to their utmoft extent 3 
together they refemble a pear, or rather a. 
gourd, of which the belly is formed by the 
ftomach, and the neck by the cefophagus ; 
when viewed againft the light, the latter ap- 
pears femi-tranfparent, and the former quite 
opake. If they are cut longitudinally, and 
{pread upon a table, we find that the tran{pa- 
rency of the cefophagus is owing to the thin- 
nefs of its fides, which thicken as they de- 
fcend, and render the lower part as opake as 
the ftomach. It becomes not gradually, but 
fuddenly thicker, from the multitude of fol- 
licular glands that form the fame kind of 
tranfverfe fafcia, that I have defcribed in 
other birds; in this fpecies it is about five 
lines broad. Thefe glands continually fecrete 
into the cavity of the cefophagus a liquor al- 
moft infipid, of a turbid white colour, and 
of fome denfity; in a word, refembling the | 
cefophageal juice of other birds. At the be- | 
ginning of the ftomach the follicles difappear, 
nor could I find the fmalleft veftige of any 
thing like them in the coats, though I° 
, fearched | 
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fearched with care. Are we then to fuppofe 
that the fluid, which is always to be found in 
the ftomach, derives its origin from the num- 
berlefs glands lying at the bottom of the cefo- 
phagus : > this is probably true of fome part of 
it; but that no {mall part comes alfo from 
the arteries of the ftomach itfelf, the moif- 
ture, like what I have defcribed in other ani- 
mals (xciti, cxxx11), has furnifhed me with 
an indubitable proof; for it immediately ap- 
pears again, though it has been wiped off 
ever fo clean. 
etit. This defcription will sap to the 
cefophagus and ftomach of fcreech- owls: I 
have made experiments on two fpecies of 
‘owl; one variegated with many colours, amon 
which the red and brown, or dull yellow, 
predominate; upon the head are two curious © 
tufts, in the fhape of a crefcent; the other 
fpecies has not this tuft, but is adorned with 
a greater variety of elegant colours; the iris 
is dufky, in the former it is yellow fa) My 
firft experiment was made upon one of the 
long-eared owls, and the refult greatly fur- 
rized me. It threw up two tubes in about 
three hours after it had taken them, nor was 


(2) The former fpecies is called by Linnaeus frix ofus, and 
moyen duc by Buffon; the latter frix fudula and chat buant. 


the 
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the flefh at all changed; I could not perceive 
any alteration, even when it had continued 
upwards of feven hours in the ftomach. If 
I had not been very cautious in forming opi-+ 
nions, I fhould have concluded, that the gaf- 
tric juices of this fpecies are infufficient of 
themfelves to produce digeftion; but I re- 
flected, thata fingle experiment did not war- 
rant fuch aconclufion, and that fome adven- 
titious circumftance might have affected the 
refult.. The bird feemed quite ftupid, and 
reduced very much ‘in its flefh; hence it was 
probably unhealthy, and confequently inca- 
pable of digefting its food properly. This 
fufpicion was confirmed by the account of the 
perfon from whom I had it, who informed 
ine, that it had refufed food ever fince it was 
taken, which was now four days. It was an 
old bird; and, upon turning to Buffon, I 
found that, in order to rear individuals of 
this fpecies, it is neceflary to catch them 
young, for the old ones will not take fufte- 
nance in confinement (4). In two days and 
a half longer, that in my pofleffion died with- | 
out taking any food of itfelf; it had always 
returned what I forced down the throat. I 
cL. This owl fell into my hands in 
winter; the {pring following I procured two 
(a) A. lc. 

young 
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| young ones from the net, which devoured 
food with eagernefs whenever they were hun- 
gry: I now repeated my experiment, and the 
refult was exactly the reverfe of the preceding ; 
‘the flefh in the tubes fhewed figns of folution 
in three hours and three quarters, and in fe- 
ven was entirely diffolved. This convinced 
‘me, that the failure of the foregoing experi- 
ment was not owing to the inefficacy of the 
gaftric fluid, but to the morbid condition of 
the animal; which either leffened its quan- 
tity, or, what is more probable, impaired its 
quality. I might, therefore, have omitted ~ 
mentioning that failure; but it was better to 
relate it, in order to fhew, that when the 
food inclofed in tubes is not digefted, we are 
hot immediately to infer, that the gaftric 
fluid is not capable of producing this effe. 
cLiv. But my young owls digefted not 
only flefh, but bene; and that of a hard tex- 
ture, fuch as the bones of fheep and oxen, 
Not to mention thofe of pigeons and fowls. 
The refult was effentially the fame as in the 
preceding “fpecies: (CXL VII,” CxLviil); “ins 
ftead, therefore, of dwelling upon it, I will 
relate, at fome length, a fact, which, in my 
opinion, deferves to be noticed. I gave one 
of my owls a frog, and an hour afterwards 
Killed it. The ftomach though exceedingly 
dilated, 


# (A 
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dilated, was incapable of containing the whole | 


frog, of which the head lay in the cefopha- 
gus, and ftretched its fides confiderably ; the 


hind legs lay at the bottom of the ftomach, | 


and the flefh was fo much wafted, that the 
bones were nearly bare: the integuments of 
the thighs and trunk were almoft corroded, 
and the fleth was as tender as if it had been 
boiled. The head, which lay contiguous to 
the fafcia of follicular glands at the bottom of 
‘the cefophagus, had begun to be diffolved. 
This experiment fhews not only that fleth is 
digefted with great quicknefs by the gaftric 


liquor, but likewife that it is digefted equally | 


foon in the cefophagus and ftomach; an ob- 
fervation I had not yet made upon any other 
animal. 

cLv. Before I killed both thefe owls, I 
was defirous of having fome of their gaftric 
juice, that I might fee whether it retained 


like others its power of digeftion ; and I found, | 


that it completely diffolves fleth, when it is 
affifted by a proper degree of heat. 

ciga ala. 1ho other ipecies, the tawny owl, 
the fame phenomena occurred with refpect 
to the folution of flefh and bone in the tubes, 
whether we confider the digeftion of flefh and 


bone in tubes, or the ipeady digeftion in. 
: the | 


9 
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| the cefophagus (a), or the remarkable flow- 


nefs of that procefs out of the body. Upon 
an individual of this {pecies I made an expe- 
timent, which had been unfuccefsful on the 


little owl. Obferving, that when they were 


hungry and open their beak very wide, if I 


dropped a pea, French-bean, or cherry into 
it they fwallowed it with as much avidity as 
if it had been the pleafanteft kind of food, I 
was defirous of feeing whether the ftomach 
would digeft vegetable fubftances. With 
this view I enclofed fome of the feeds juft 
enumerated in tubes, and forced them down 
the throat, but to no purpofe; for though 
the liquor fwelled them, and perhaps altered 
the colour, they underwent no diminution of 
bulk. They were thrown up undigefted in a 
day or two, a circumftance which fufficiently 


fhews, that fuch kind of food, notwithftand- 


(2) When I was writing this paflage I was ftruck by a re- 
fle&ion; for which this is the proper place. If we compare 
the prefent with the LxxvII, Lxxvilt, BXXIX, KCIX, Cy OT, 
€xxxv, cLIvth, it will appear, that the cefophageal before its 
mixture with the gaftric fluid, in many animals, is endowed 
with fome degree of digeftive power. Though it generally 
exerts this power only when mixed with the gaftric:fluid, yet 
in fome animals, which fwallow their food with great eager- 
nefs and have not room enough in the ftomach to contain it all, 
in confequence of which part muft be lodged in the cefophagus, 
digeftion takes place there. | 
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ing the birds appear to relifh it, is ill adapted 
to their gaftric juices. ‘The greedinefs with 
which they fwallow fuch fubftances can arife 
only from that blind appetite, in confequence 

- of which young birds take whatever is offered 
them, | 
cLvit. Being fatisfied with thefe experi-. 
ments on nocturnal birds of prey, I turned 
my attention to fome of the diurnal ones. My 
firft fubje& was a falcon given me by my il- 
luftrious friend the abbe Corti, formerly pro- 
feffor of natural hiftory at Reggio, and now 
fuperior of the College of Nobles at Modena, 
a philofopher well known in the republic of 
letters by feveral fine publications. It was of 
the fize of a common hen, and appeared to 
belong to the fpecies denominated Janarius by 
Linneus. I foon found, that I could not 
handle this bird fo familiarly as thofe which I 
have had occafion to mention hitherto, Its 
{trong beak and long fharp talons would not 
eafily permit me to open the mouth by force, 
and thruft the tubes. down the throat. I 
however contrived a method of introducing 
| them into the ftomach unperceived by the 
bird; it confifted in cutting fome flefh in 
pieces, making holes in them, and concealing 
‘the tubes in thefe holes. When the falcon 
was hungry he ran eagerly to the pieces of 


flefh, 


a 
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. fleth, and fwallowed them whole. For the 
fraud to fucceed; it was neceffary that the 
tubes fhould be quite covered with flefh; for 
if any part of them was bare, the falcon would 
put them under his talons and tear the fleth 
away with his beak and {wallow it without the 
tubes. | 
+ cLviri. My firft experiment was made 
with a view to afcertain, whether it was ca» 
pable of digefting bone independently of the 
action of the ftomach, which proved to be the 
cafe; but I have before faid fo much on the 
| fubje& of the digeftion of bone, that I fhould 
forbear to relate the prefent inftance particu- 
larly but for a new and important phenome- 
non, which renders the detail neceflary. The 
bene sonfifted of little fplinters of an ox’s 
thigh bone; they were very hard and com« 
pact, and of various fizes, from that of a grain 
of wheat to that of a bean; they weighed to- 
gether fixty-feven grains; I put them into 
two tubes, in which they were rather clofely 
crammed. To prevent their falling out of 
the tubes when they began to be diffolved, — 
and confequently to get loofe from each other, 
I put the tubes in a linen bag,. a precaution 
Which I had before employed, and continued 
‘to employ occafionally infuture. In twenty- 
\four hours the bones had fhifted their re- 
O 2 {pective. 
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fpective places and rattled in the tubes, acir= 


cumftance that fhewed the bulk to be dimi- | 


nifhed. They were moift with gaftric li-. 
quor, but had none of thofe gelatinous points 
which I had feen in an experiment both on 
the /ttle owl (cxLvIIT), and the two other 


fpecies. Thefe points were, as I then re-. 


marked, the offeous matter converted into 
jelly or chyme by the gaftric liquor. But 
what is extraordinary was, that thefe fplinters 


retained their original hardnefs and rigidity; 


| 


fo that at fir& fight one would not have fup- 1 


pofed,. that the fluid of the ftomach had had 
any effect upon them. However, the con- 
trary was certain; for when the gaftric li- 
quor was wiped off, they weighed only forty- 
two grains. I now replaced them in the 
tubes, and examined them again after they 
had been two days in the ftomach. The 
pieces of the fize of grains of wheat were all 
deftroyed but two, which were now no larger 
than millet. Three of the {plinters were at 
fir as big as beans, but now reduced to the 


fize of maize. Thofe of an intermediate — 


fize were diminifhed in proportion. During 
the whole time they all continued hard. At 
the third examination, after fifty-feven hours 
longer continuance in the ftomach, the three 
large pieces only were left, and they were 

now 
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now not larger than millet; when I ftruck 
them with an hammer, I found that they re- 
tained their original hardnefs. 

The gaftric liquor therefore of'the falcon | 
does not, like that of owls and many other 
animals, infinuate itfelf into the fubftance 

of the bone, but acts on the furface only. 
The phenomenon, Ithink, maybe thus ex- 
plained: conceive a bone to be ‘compofed, 
like wood, or to bring a more familiar in- 
ftance, like an onion, of a great number of 
. ftrata. The ftrata of the onion are of con- 
‘fiderable thicknefs, but we mutt imagine, 
that in bone they are exceedingly thin. The 
gaftric fluid of owls or other animals will 
firft diffolve the upper ftratum, but while it 
is doing this it will penetrate and foften the 
contiguous ftrata, without diffolving them. 
Hence the tendernefs of bone that has lain 
in the ftomachs of animals. On the con- 
trary, we muft fuppofe, that the gaftric li- 
quor of the falcon has no power of pene- 
trating the internal ftrata, but that its action 
is limited to the furface. According to this 
fuppofition the bone will be digefted without 
having the internal parts foftened, and thus 
ftratum after ftratum will be taken away, juft 
as it would happen if we had a menftruum 
capable of diffolving only the fuperficial 
O 3 layer 
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layer of an onion without acting upon the 
others, 


cLix. Before I concluded pofitively that | 


the gaftric juice of this bird does not foften 
bone at all, I determined to obferve its ef- 
fe&s when it is at liberty to act without any 
obftacle; for it is poflible, that its efficacy 
might be impaired » pafling through the 
cloth. I therefore took a piece of the fame 
thigh bone from the thickeft part, and worked 
it into a {phere by the lathe, to prevent the 


angles injuring the fine coats of the ftomach; | 


it was then given to the falcon. My pur- 
pofe was to obferve whether as it was s diffolved 
it was alfo foftened. 


It continued five days in the ttomach with- - 


out becoming in the leaft tenderer. The 
fhortening of its diameter fhewed that it was 
leffened in bulk, Meantime the falcon threw 


up the {phere once or twice a a according — 
as he was fupplied with food; for, as I have | 
obferved with refpect to other birds of the © 


fame clafs (cxtvit1), he did not vomit in- 


digeftible bodies till he had digefted the other _ 


‘ contents of the ftomach. To caufe indigef- 


tible fubftances to remain in that cavity af- © 


ter other bodies are digefted, I gave him frefh 

food; for experience having taught me to 

Judges when that period was approaching, I 
was 
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‘was fure to attain my purpofe; fince when the 
crop is full of food, the contents of the fto- 
mach cannot be evacuated through the mouth. 
By this contrivance the falcon was made to re- 
tain the globe twenty-two fucceflive days. It 
as ence) worth while to obferve, that it was 
not foftened, fince the inability of the gaftric 
fluid to produce this effect has been fufficiently 
proved before; but the remarkable diminu- 
tion it underwent deferves to be noticed. 
The fphere was at firft four lines and an half 
in diameter, and when it had been thirty- five 
days and feven hours in the ftomach it mea- 
fured only a line and about a third; it pre- 
ferved its form perfectly; the fame may be 
faid of its polifh; there was not a furrow, 
nor an indentation, nor an afperity of any 
fort upon the furface. This {moothnefs is, 
JI think, a clear proof, that the ftomach of 
‘this fpecies has no triturating power, other- 
wife the globe would have fuftained fome 
injury rada the friction and impulfes of fo 
many tin tubes as were introduced into the 
ftomach during its continuance there, 
cLx. Letit nothowever be imagined, that 
bonesof a texture lefs compact require fo much 
time to be diffolved; this was very far from 
_ being the cafe. My falcon would eat a whole 
pigeon at once, for birds of this kind when 
2 wy igi ‘they 
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they take any large prey, always fill themfelves 
quite full, and then continue feveral days 
without food. My falcon refufed the en- 


trails, the tips of the wings, and the beak; | 


the reft he devoured with’ the utmoft greedi- 
nefs, But no bone or fleth was ever vomited, 


nor did any thing pafs out at the vent in | 


the form of bone or flefh; the excrements 


now, as well as at other times, confifting of | 


a femifluid matter, partly white and partly 


black. When dry it might be reduced to an 
impalpable powder by rubbing between the 
fingers. This animal therefore digefted not 
- only the flefh, but the bones of a pigeon, and 
that in the fhort fpace of a day; for at the 
expiration of this time it would eat a fecond 
pigeon. di 

CLXI. While I was examining the man- 
ner in which the falcon digefts bone, I was 
{truck with a thought that had never occurred: 
to me during the whole train of the foregoing 
experiments; it was to enquire whether the 
gaftric liquor befides bone is alfo capable of 


digefting fome other animal fubftances, fuch . 


as the enamel of the teeth, the tougheft ten- 
dons, and horn. With this view I enclofed 
twa incifors from the lower jaw of a fheep in 
_.atube, which the falcon retained three days 
and feven hours, Wherever the enamel did’ 

| not: 


) 
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not extend they were corroded and wafted, 
but the other parts were uninjured, and ‘as 
brilliant as at firft. In four days and an half 
longer continuance in the ftomach the fang 
was nearly diffolved, butthe enamel was per- 
fectly found. The teeth were kept two days 
‘more in the ftomach without the tubes, but 
no further effect was produced; whence it 
was neceflary to infer, that the gaftric juice 
of the falcon is incapable of diflolving the 
enamel of the teeth; a circumftance which is 
not very furprifing, fince it differs from every 

other ofleous fubftance. 
cLxir. I have elfewhere obferved, that 
birds of prey, and confequently falcons, vo- 
mit the feathers of the birds which they 
eat (LIx); it is therefore evident, that the 
gaftric fluid cannot digeft them. The fmell 
emitted by burning feathers fhews, that they 
refemble horn. in their nature; it was there- 
fore reafonable to fufpect, that corneous fub- 
ftances would not be diffolved in the fto- 
mach, a fufpicion which was verified by the 
event. Some pieces of ox’s and fheep’s horg 
were as ufual concealed in flefh, and given to 
the falcon. In a few days they were thrown 
up entire and uninjured. JI have remarked, 
that the internal coat of the ftomach in gal- 
linaceous fowls is not tender and yielding, 
ag 
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as în many animals, but firm and cartilagi- 
nous (XXXV,: XLVII, XLI; a Having 
frequently obferved, that when burned it ex- 
hales an odour very much like feathers and 


horn, I fuppofed that it would in like manner . 


elude the action of the gaftric fluid, which 


really happened not only in the thick coats of 


turkeys and geefe, but in the thin ones of 


pigeons, blackbirds, and quails. When I 


gave my falcon the whole ftomach of any of 
thefe fowls, the other coats were foon digef- 
ted, but the cartilaginous remained entire. 


In tendons the refult was different; for. 


my experiment I chofe an ox’s tendo achillis, 


one of the tougheft tendons that is to be found. | 


in animal bodies. It was hung to dry in 
fummer for feveral weeks, and thus became 


fo hard, that a keen knife would hardly cut 


it. However, the gaftric liquor of the falcon 
diffolved it both when it was enclofed in > 


tubes, and loofe in the ftomach. 


- CLXI1I, Moft thoes have the upper leather. 


of calf-fkin, and the fole of ox’s hide. Both 
thefe fubftances are very readily digefted by 


carnivorous animals when frefh: this at leaft 
is the cafe with the falcon; but the contrary | 


happens when they have been tanned. Ano- 
ther fact has warned me how cautious we 


ought to be in forming general rules in phy= |. 


fics. 
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‘fies. Who would not ‘have scel from 
the laft experiment, that every other kind of © 
leather is alfo indigeftible? Yet the reverfe | 
happened in Moto fkin dreffed, and dyed 
yellow. Some lifts of it were enclofed in 
tubes, and completely digefted in feven hours. 

® cixtv. Ast had found the gaftric fluid of 
other carnivorous animals incapable of digef- 
ting vegetable matters, it was more than pro- 
bable, that the’fame thing would take place | 
in the falcon, -I however thought, that it 
would be proper to afcertain this point by ex- 
periment, if for no other reafon, yet.on ac- 
count of the recent inftance of the uncertainty 
of analogical arguments (cxLIII). «At the 
fame time I was defirous of determining whe- 
ther digeftion is the effect of the gaftric li. 
quor folely, asit feemed more than probable, 
The falcon could very well take fix tubes at 
atime: four were filled with various vegeta- 
ble fubftances, fuch as crumb of bread, chick- _ 
peafe, flices of pears and apples; in the fifth 
and fixth were enclofed mutton and beef, 
Upon thefe fubftances the effe&s of the gaf- 
tric fluid were exactly the reverfe. The flefh 
was totally diffolved in twenty-feven hours, 
but the vegetables had undergone no altera- 
tion. Two frefh tubes, containing in the 
middle a bit of flefh, and at the fides mafti- 


cated 


1 
204 DISSERTATION IV. 


cated bread and boiled peafe and chick-peafe, | 
decided the queftion ftill more clearly. The | 
vegetables were undiminifhed, but the flefh, | 
which was furrounded by them, was entirely | 
deftroyed. Thus the incapability of the gaf- | 
tric juice to diffolve vegetables, and its ef. | 
ficacy on flefh, were fully proved. i 
cLxv. By means of little fpunges I pro- 
cured this fluid fometimes when the ftomach | 
was empty, andat others when it contained | 
fome remains of the food, in which cafe it | 
was always turbid and full of heterogeneous | 
matters, of a cineritious yellow colour, and | 
had not much fluidity. When the ftomach | 
was empty it was fufficiently clear, without | 
any extraneous fubftance, had an interme- | 
diate colour between yellow and white, was | 
very fluid, and had a faltifh and bitter tafte. | 
With this I attempted experiments on di- | 
geftion out of the body, like thofe I have al- | 
ready fo often mentioned, The refult was | 
not different. I obtained the folution of va- | 
_rious kinds of flefh by renewing the liquor 
from time to time, and by applying a heat of — 

thirty deg. the common temperature of thefe 
animals. With thefe precautions I moreover 
caufed nearly the half of a fplinter of a bone. 
of beef, weighing forty-four grains, to be 
diffolved. a. | 
CLXVI.ÙI 


| 
| 
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.. cLxvi. Having made thefe experiments, 
în my opinion the moft interefting the fub- 
ject admits, my next bufinefs was to examine 
the ftomach and cefophagus. However, three 
hours before I killed my falcon, I fed him, 
in order to fee what effect is produced upon 
the food in the craw. It was in part in this 
cavity, and part had defcended into the fto- 
mach, where it had begun to be decompo- 
fed. It was immerfed in the gaftric fluid, 
and this incipient digeftion had the fame ap- 
pearance as it has out of the body. The fefh 
in the craw, even that which was upon the 
point of paffing into the ftomach, was only 
a little difcoloured; this circumftance fhews 
that digeftion is performed only in the latter 
cavity, and that in the craw the food is only 

difpofed to be diffolved more readily. | 
cLxvii. When a ligature is made below 
the pylorus, and air blown in at the top of 
‘the ceefophagus, this part of the alimentary 
canal refembles a large inteftine about five 
inches long; alittle more than half way down 
the cefophagus is dilated and forms the craw, 
though we fhall find, that it has this name 
improperly, if we compare it with the craws 
of gallinaceous fowls, which lie at the fide © 
of the cefophagus, or rather without it; 
whereas in the falcon the craw is a continua- 
tion 
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tion of that cavity. If we invert and again | 
inflate the cefophagus, and then examine it | 
in a ftrong light, or with the microfcope, we | 
can perceive an immenfe number of glands 
from the beginning to the flefhy fafcia, not | 
excepting the craw. If we blow in frefh air, | 
and obferve it again with the glafs, we fhall | 
fee the glands, vidi are of an oblong fhape, | 
and project a little above the plane of the 
cefophagus, each emit a drop of liquid; this | 
liquid is fo vyifcid, that one of thefe drops 
may be drawn out into a filament an inch or | 
more long; it is infipid to the tafte. The 
greateft part of the cefophagus, is full of thefe | 
glands, and is entirely membranous; it only | 
becomes mufcular at the commencement of | 
the fafcia, which in the falcon, as well as | 
other birds, feems to confift only of number- 
lefs follicular glands, and is above an inch in | 
breadth. Thefe follicles are cylindrical, and | 
are all connected by a fine membrane; they | 
have one of their extremities implanted in the : 
external, and the other in the nervous coat | 
of the ftomach: through the latter, the ex- 
cretory du&s open and difcharge the fame 
kind of whitith and vifcid matter that has fe-.. 
veral times been defcribed as belonging to | 
birds that have fimilar follicles. Thefe glands 
and follicles abundantly fupply the ftomach — 
? with. 
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‘with fluid; and though it is fometimes defti- 
tute of glandular bodies, yet a liquor con 
tinually poured into the cavity by exhalent 
arteries, forms an addition to that which 
comes from the cefophagus, as is evident from 
the moifture which appears upon the fides 
when they have been wiped dry feveral times. 

cLxvIlI. The eagle on which my expe- 
riments have been made, belongs to the fpe- 
cies called by Mr. Buffon the common cagle, 
becaufe it is found upon moft of the high © 
mountains of Europe; it was known to Ari- 
ftotle, by whom it is called mraAmNa TOP, or 
the black eagle Hence it has received the 
denomination of Falco Melanpetus from Lin- 
neus, who refers, with whatever propriety, 
the eagle and falcon to one family. Though 
fome naturalifts reckon two fpecies of the 
common eagle, the brown and the black, I 
fhould incline with Buffon and Ariftotle to 
fuppofe, that there is any one. The differ- 
of age; for we Pa fee animals of the 
‘fame fpecies, but of different ages, differ in 
colour. At the time I was. in poffeffion of 
my eagle I had an opportunity of feeing five 
others, four dead and prepared, and one 
living,‘ in the poffefion of the counts Caf- 
tiglioni of Milan, two noblemen equally re- 
a markable 
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markable for politenefs of manners and {kill 
in natural philofophy. Thefe animals all 
differed from each other in colour, fome being 
of a black more or lefs deep, and others of 
a darker or lighter brown; yet they agreed in 
the eflential characters of the fpecies. They 
were all nearly of the fame fize, fomewhat 
exceeding that of a turkey-cock, their legs 
and feet were covered with feathers, the nails 
were black, the feet yellow, the bill blucith, 
and the bafe was covered with a bright yel- 


~ Jow cere: fuch are the chara&ers which, ac- 


cording to the French naturalift, the brown 

has in common with the black eagle. 
cLxIx. The ordinary food of my eagle. 
confifted of live cats and dogs, when I could 
procure them. It eafily killed dogs much 
larger than itfelf. When I forced one of thefe 
animals into the apartment where I kept the 
eagle, it immediately ruffled the feathers on 
the head and neck, caft a dreadful look at the 
dos, and taking a fhort flight, immediately 
alighted on his back. It, held the neck firm 
with one foot, by which the dog was pre- 
vented from turning his head to bite; and 
with the other grafped one of the flanks, at 
the fame time driving the talons into the 
body; and in this attitude it continued, till 
the dog expired, in the midft of fruitlefs 
| 1 outcrigs 
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outcries and efforts. The beak had been 
hitherto unemployed, but it was now ufed for 
making a finall hole in the fkin, which was 
gradually enlarged; from this the bird began 
to tear away and devour the flefh, and went 
on till it was fatisfied. I muft not omit ob- 
ferving, that it never eat any fkin, or intef- 
tine, or bone, except very {mall ones, fuch 
_ as the ribs of cats and {mall dogs. Notwith- 
| ftanding this ferocity, and violent impetu- 
ofity in attacking animals, it never gave any 
moleftation to man. ‘I, who was its feeder, 
could fafely enter the apartment where the 
bird was kept, without any means of con- 
fining its movements, and beheld thefe af- 
faults without dread or apprehenfion: nor 
was the eagle at all hindered from attacking 
the living prey I offered it, or rendered thy 
_ by my prefence. As it was not always in my 
power, or at leaft in my will, to give it liv- 
| ing food (for I had not always dogs and cats 
at hand; and gallinaceous fowls, which were 
equally acceptable, were too expenfive) I fub- 
ftituted flefh which, though it was not fo well 
relifhed, was not difagreeable. In general, 
when it had flefh at will, it only made one 
meal a day. I found, by weighing what it 
eat, that thirty ounces of flefh ferved it one 
day with one another. This fpecies of eagl 
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is provided with a very large craw, which of | 
courfe is the firft receptacle of the food; and | 
when it was at liberty to eat its fill, this vif- | 
cus was generally diftended to a larger fize | 
than that of a turkey-cock full of grain. It _ 
‘pradually contraéts in proportion as the flefh: | 
paffes into the ftomach, juft as‘it happens in | 


gallinaceous fowls. 


‘ eLxx. Some of the firft times I obferved 

“— myeagle eat, I was truck by a phenome- 
non, which conftantly recurred whenever it | 
took food. After it had fwallowed a few 
mouthfuls, a thin ftream began to flow from , 
each noftril, and to run down the upper fide | 
of the beak; at the end they joined, and | 


formed a large drop, which fometimes fell | 


on the ground, but generally pafled into the | 


mouth, and was mixed with the food. This 


drop was continually renewed by frefh fup- 
plies from the noftrils, as long as the animal 
continued to feed, and after that it ceafed to 
appear. This liquor was of a fky-blue co- 
lour, had a falt tafte, and was nearly as fluid 
as water. But why does it flow only while 
the eagle is feeding? and what is its ufe? 


It flows at that particular time only, I fup-. 


pofe, becaufe the receptacle in which it is 
contained is then only compreffed; and the 


preflure arifes from the motion of the mouth, | 


or 
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_ or the impulfe of the food againit the pa-. 
late, near which this receptacle | lies. Of the 
ufe of this fluid, I candidly own my total 
ignorance. I fufpeét, however, that as it is. 
mixed with the food,. it ferves, like the fa- 
liva, to moiften it, and facilitate digeftion. 
cLxxI. It is commonly thought, and the 
opinion has the fan&ion of the belt natura- 
lifts, that birds of prey; and efpecially eagles, 
never drink. What I have obferved is, that 
when the fpecies mentioned in the prefent dif 
fertation, were left even for feveral months 
without water, they did not feem to fuffer the 
fmalleft inconvenience from the want of it; 
but when they were fupplied with water, 
they not only get into the veffel, and fprinkle 
their feathers like other birds, but repeated- 
ly dip their beak, then raife their head, in 
the manner of common fowls, and fwallow 
what they have taken up; hence it is evident 
| that they drink. For the eagle it was necef- 
fary to fet the water in a large veffel, other- 
wife, by its attempts to drink, the veffel was 
fure to be overturned. I 
CLXXII. To colle& into one point of 
View every thing relative to digeftion, let us 
examine another opinion, more immediately 
connected with our fubje@. It is faid by 
a re several 
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feveral celebrated naturalifts and phyfiolo- 
gifts (a), that the eagle, when unable to pro- 
cure flefh, will feed upon bread. To afcer- 
tain this point, I made various experiments. 
I firft fet before the bird both flefh and wheat- 
en bread; and finding that it ran towards the 
flefh, without even cafting a look upon the 
bread, I fet only the latter before it, and this 
after a day’s faft, when it muft have been 
preffed by hunger; I did not however attain 
the end I had in view, and therefore kept it 
fafting for another day, but ftill to no pur- 
pofe.. When the bread was fet near it, it 
would juft look at it, and then turn its eyes 
towards fome other obje@. When I had 
prolonged the faft to the fourth day, the 
bird ran towards me, as I opened the door of 
the apartment, but with no other view than 
to afk for food; I offered it a piece of bread, 
but in vain, for, without even touching it, 
it returned to the place where it ftood before | 
my coming in. 1 might have carried the. 
trial fill further, but was afraid left the ani- | 
mal fhould fink under it. 
cLxxiil. I therefore abandoned this mode | 
of experiment, and thought it would be bet- | 
ter to make the eagle fwallow fome bread; | 


(2) Buffon Hist. Nat. des Oifcaux, T. 1. Haller. T. 6. 
| for. 
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for it would either be always thrown up, 
and then it would be reafonable to infer,.. 
that this was an unfuitable kind of food; or 
in cafe it fhould neither be vomited, nor 
voided unaltered along with the excrements, 
. and the animal fhould fhew no fymptoms of 
‘uneafinefs, we muft conclude that it is di- 
gefted and affimilated. I concealed the bread 
in fome flefh, as I had done in my experi- 
ments upon the falcon (civil), and had re- 
courfe to the fame expedient, whenever I was 
defirous that my eagle fhould take tubes or 
other fubftances. For though this ferocious 
bird was exceedingly gentle towards me, who 
was his feeder, yet it might have been hazard- 
ous to irritate it; and that would have been 
unavoidable, if I had opened the beak, and 
thruft bread down the throat by force. The 
. firft portion of bread which the eagle fwal- 
lowed concealed by flefh, amounted to half 
an ounce. Indigeftible bodies, fuch as fea- 
thers, ufed to be thrown up eighteen, twen- 
ty, or, at moft, twenty-four hours after they 
were received into the ftomach. But the 
bread was not vomited in that period, or a 
day longer; nor did the excrements appear to 
be altered or mixed with bread. I then gave 
the animal a whole ounce, inftead of half an 
eunce of bread, none of which was vomited 
Pg or 
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or voided unchanged at the vent. The fame 
thing took place, when the quantity of bread 


was (OA to fix ounces. My lat expe- 


riment upon bread, was to fubititute the cruftt 


inftead of the crumb; but the refult was juft - 


the fame; and notwithftanding the eagle had 
fhewn fo little appetite for this kind of food, 
its health did not appear to fuffer. And I 


was obliged to conclude, that this {pecies of 
vegetable is digefted, and converted into real 1 


-nutriment, as well as animal matters. I 
could not therefore refufe to accede to the. 
opinion of thofe, who affirm that eagles, 
, when much preffed by hunger, will feed upon 
bread, though mine would not touch it.. 
CLXXIV. But i in what manner is bread di- 
gefted in the ftomach of the eagle? Is it by 
the gaftric juices alone, or affifted by tritu- 
ration? Is any fuch a@ion exerted by it? In 
fhort, what is the immediate caufe of digef- 
tion? Thefe queftions.are too clofely con- 
nected with the obje& of my enquiry, to be 
paffed over unnoticed. ‘To begin then with 
the firft,. Tubes employed in my ufual man- 
ner, would determine the mede of digeftion. 
And in the prefent cafe alfo; I obferved what 
I had before obferved in fo many other ani- 
mals, that trituration had no‘ part in this 
function, and that it was the fole effect of 
“ the 
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the gaftric juices. While the eagle retained 
the tubes, a fpace that never ufed to exceed 
twenty-four hours (crxxiit), the bread 
which they contained was completely dif- 
folved. If they happened not to remain long 
fo in'the ftomach, the gaftric fluid had cor= 
roded the bread, and given it a yellowifh co- 
lour and a bitterifh tafte. Where the action 
of that fluid had been chiefly exerted, the 
bread was changed into a gelatinous pafte, 
which had nothing of its original tafte. 
‘crxxv. But the tubes fhewed, that the 
gaftric liquor of the eagle diflolves not only 
bread but Parmefan cheefe. This power, 
pofteffed by a bird properly carnivorous, of di- 
gefting a fubftance fo different from flefh, in- 
duced me to try whether it is capable of pro- 
ducing the fame effe& on other matters, and 
particularly vegetables. But with refpe& to 
the latter, I did not find that the efficacy of 
the gaftric fluid extended any further. than 
bread; for feveral feeds of the cerealia, both 
~ raw and boiled, did not appear to undergo any 
‘alteration in the tubes, or when loofe in the 
ftomach. It is fomewhat furprifing, that this 
fhould be the cafe with wheat, when wheaten 
bread is fo perfe&ly digefted. We fee at 
leaft, that vegetables muft be triturated be- 
) i. is I fore 
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fore they can be digefted by the eagle, as well 

as by gallinaceous fowls (xLv). | | 
The foregoing experiments, and the con. 
curring obfervations of others (CLXXII), 
thew, that fome animals, fuppofed.to be 
ftri@ly carnivorous becaufe they live always 
upon flefh, and are provided with the mott 
formidable weapons for feizing and deftroy- 
ing their prey, may yet; under certain cir 
cumftances, change their difpofition and 
manners, and become frugivorous. Thus 
we read of animals naturally herbivorous, as 
horfes, theep, oxen, gradually quitting their 
ufual aliment, and learning to live upon 
fiefh (2). I too can produce a recent inftance | 
In a young wood-pigcon, a fpecies of bird 
which is univerfally known to feed upon any 
thing rather than fleth, By dint of hunger 
I brought it gradually to relith fleth fo 
well that it refufed every other kind of fall | 
tenance, even grain, of which it is naturally | 
fo fond. Such changes, whether effeGed 
by defign or accident, will not excite the 
{malleft degree of furprize in thofe who 
know, that of the various kinds of food 
ufed by man and animals, the gelatinous part 
fupplies the nutriment, and that this exifts 
alike in vegetables and animals (5). The 

(e) Haller, Phyf, T. 6. (db “Tra: 

example 
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“example of the eagle among carnivorous, and ~ 
of the horfe, ox, pigeon among frugivorous 
animals, do not however warrant us to con» 
clude, that the former can be univerfally 
converted by art or chance into the latter, 
and reciprocally; for, on the other hand, 
Reaumur’s kite (cxv1) and my owls and fal- 
con (CLVI, CLXIV, cLxvi) were incapable 
of digefting vegetable fubftances (a); not 
that thefe fubftances are unfit for affording 
them nourifhment, but becaufe the gaftric 


(a) Mr. Batigne, in his critical reflections on the experi- 
ments of Reaumur, pretends, that we are not to conclude, be- 
eaufe vegetables undergo no change in the ftomach of the 
kite, that the gaftric liquor has no aétion upon them. He 
fuppofes, that its inefficacy arofe from the vegetables not having 
been previoufly mafticated. Premiere Reflexion fur les Expe- 
riences de M. de Reaumur. | | 

But in this Mr. Batigne is miftaken. After I had compleated 
my differtations on digeftion, I procured a kite of the fame 
fpecies as that of Mr. Reaumur, and had it therefore in my 
power to repeat and vary his experiments. I conttantly found, 
that bread, grain, &c. were thrown up unaltered, both when 
enclofed in tubes and loofe in the ttomach, though they had 
been previoufly well mafticated. This fa@ agrees with my 
obfervation on the falcon, of which the gaftric liquor could 
not digeft mafticated crumb of bread. I will add, that.an 
owl, fed with chewed bread alone, died upon the fourth day ; 
and upon diffection, the bread was found in its ftomach undi- 
gefted. Itis therefore evident, that the incapability of the 
gaftric liquor of fome animals to digeft vegetables does not 
arife from the want of previous trituration or maftication, and 


© that this fluid is effentially unfit for diffolving fuch fubftances. 


liquor 


>. 
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liquor is incapable of decompofing them, 
and extracting the nutritious jelly. | | 
| CLxxvi. With refpe& to the fecond quef- 
tion, whether the ftomach of the eagle tri- 
turates its contents? I think I have abundant. 
proof, that it pofieffes no fuch power. Not 
to mention the numerous tin tubes that re- 
mained fo long in it without receiving the 
flighteft injury, I can fafely affirm, that I 
could never perceive the fmalleft contufion 
upon the grain (which I gave the bird naked 
in order to try whether it could digeft it) 
(cLxxv), whether raw or boiled; in which 
cafe, the fmalleft compreflion or impulfe 
would have left evident marks upon the fur- 
face. Thefe facts are confirmed by the fol- 
lowing obfervation: I took fome ftrips, about 
a line in breadth and three inches in length, 
of exceedingly thin fheet lead, and rolling 
them upin the form of a fpiral, introduced 
them along with fome pieces of flefh into the 
ftomach of the eagle, in which they con- 
tinued eighteen hours. The leaft force would 
have fufficed to deftroy the fhape of thefe | 
{trips, and being totally inelaftic, they would 
preferve whatever alteration or diftortion they 
might receive from preffure or percuflion. | 
However, when thrown up they retained 

their 
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their fpiral form; a clear proof that they had 
not been fubjected to violence of any kind. 
Let it not however be fuppofed, ‘that I 
mean to exclude motion entirely from the 
ftomach of the eagle. Having frequently 
found foreign fubftances within the tubes, 
and fixed in the perforations, I could not but 
fuppofe, that they had been driven into them 
by fome force, and this force could be no 
other than the agitation of the ftomach, 
which was either extrinfical, and produced by 
the adjacent vifcera, or the periftaltic move- 
ment by which the food is expelled through : 
the pylorus. I only affert, that the ftomach 
of the eagle has no action capable of bréaking 
and triturating the aliment, as I think I have 
abundantly proved. It is likewife clearly af 
certained, that the gaftric fluid is the efficient 
caufe of digeftion by the experiments made 
with bread and cheefe enclofed in tubes 
fetxxv); but this will be more fatisfa&orily 
{hewn by the experiments relative to the di- 
geftion of animal fubftances, which Iam now 
to relate. 
cLxxvII. The firft thing I wifhed to know 
was what changes flefh undergoes in the 
craw, and I had therefore to contrive a me- 
thod of getting it back at pleafure. Had this 
bird been of the a ie gentle and peaceful dif- 
pofition 


{ 
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pofition as gallinaceous fowls, this would : 
eafily have been effected; for I fhould have 

had only to prefs the portion of flefh that lay | 
higheft in the craw upwards with my thumb | 


and fore-finger, and by a continuance of this 


manceuvre fhould have brought it out at the 
| mouth. By this fimple contrivance I have _ 


often examined grain from the craw of fowls, 


pigeons, and fuch birds; but the ftrength 


and ferocioufnefs of the eagle altered the cafe 
totally. After much reflection, I thought 
of an artifice effentially the fame as that‘adop- 
ted for gallinaceous birds. I gave my eagle 


| only three or four pieces of flefh, of which 


the lat was tied in the fhape of a crofs with a 
fine packthread three or four feet long. The 
eagle, prefied by hunger, devoured the flefh 
greedily without regarding the ftring, of 
which the greater part hung out of the 


mouth; nor did the bird make any efforts to | 


{wallow or throw itup. When I thought it 
time to examine the piece of fleth I pulled the 


{tring forcibly, and the eagle, without growe. | 
ing enraged, opened its beak and allowed me | 


more room for recovering the ftring, and by 


confequence the flefh that was faftened to it. | 


Sometimes I ufed confiderable force, but did. 
not fucceed, probably on account of the flefh. 


being got too low down in the craw; in this. 
cafe, 
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cafe, to free the eagle from the inconvenience, 
I cut the ftring clofe to the beak, and gave 
it fome flefh, which carried down the pack- 
thread before it into the ftomach, whence it 
was thrown up in a fhort time; but I have 
‘more frequently fucceeded in drawing up the 
flefh, and thus obtained an opportunity of 
examining it at leifure. never could find, 
that the craw or its juices were capable of di- 
geftion. Its weight was nearly the fame af- 
ter it was drawn upas before it was {wallow- 
ed, nor did it feem as if it was upon the point 
of being digefted; the furface was onlya 
little tenderer, and had loft its rednefs; it 
was penetrated with a fluid that was neither 
‘ falt nor bitter, but quite infipid. Flefh 
therefore is not digefted, it is only macera- 
ted in the craw of the eagle, as grain and 

grafs in the craw of gallinaceous fowls. 
cLxxviti. We muft therefore conclude, 
that the whole procefs of digeftion begins 
and ends in the ftomach. If then it was of 
confequence to know what happens to flefh 
in the craw, it is of much greater impor- 
tance to obferve how it is altered in the fto- 
mach. But as the expedient to get the flefh 
back, mentioned in the laft paragraph, would 
not be of any fervice here, I contrived ano- 
ther, which anfwered wonderfully well. I 
| enclofed 
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-enclofed the flefh in little nets with fmall 
mefhes, which were generally vomited empty; | 
but in fome there were confiderable remains | 
of fleth. The pieces I ufed for thefe expe= | 
riments were globular, and the remains al. | 
mot always retained that figure, They were. 
thoroughly impregnated with gaftric liquor, 
and had both a bitter and falt tate. The | 
furface was gelatinous; when this was reo 
moved, the fibres were eafily diftinguifhable, 
but were as tender as if they had been boiled, 
and the colour was changed to a reddith blue. 
When this ftratum of tender fibres was taken 
off with a fharp knife, that below was firmer 
and lefs difcoloured, and at the center the 
flefh did not-appear to have undergone’any 
change either in its confiftence or colour. ss 
is needlefs to obferve that thefe experiments 
. prove, that the gaftric fluid diffolves fleth. 
The permanency of the globular form clearly. 
fhews, that trituration does .not take place, 
but the whole effe&, to répeat it once more, 
is produced by the gaftric liquor, which a&s 
upon the furface, and diffolves one ftratum. 
after another till the whole is confumed, as 
we have feen the fame liquor of other animals 
act as well upon fleth as other fubftances 
(LXV, CI). 
| CLXXIX. 
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cIxXIx. This lat experiment rendered it 
fuperfluous to try; whether the gaftric fluid 
of the eagle will diffolve fiefh enclofed in 
tubes. Taking this for granted, I proceed- 
ed to enquire, whether digeftion would be re- 
tarded in proportion to the toughnefs of the . 
fleh with *which they were filled. With 
this view fome of the liver, of the muicular 
flefh of the thigh and heart, a bit of the 
brain, and a piece of tendon were enclofed — 
in fo many diftin& tubes. They continued 
thirteen hours in the ftomach, and the gaf- 
tric fluid ated upon them juft as I had ima- 
gined it would. The tube containing the 
piece of brain was quite empty; of the liver 
only a very {mall part remained; the refiduum 
of the mufcular flefh of the thigh was more. 
confiderable; that of the heart was full 
greater; but of the tendon there remained 
— moft of all. Thefe remains of flefh and ten- 
don had the fame appearances as I had ob- 
ferved in the balls of flefh that were introdu- 
eed into the ftomach without tubes. The 
gelatinous matter on the farface, the tender- 
nefs of the fibres lying immediately below, 
and the confiftence of thofe at the center 
clearly fhewed, that the gaftric juices had . 
acted upon the flefh enclofed in tubes quit 


as 
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as upon what was left loofe in the ftomac 
(CLXxvIIr). 

CLxxx. My next with was to know whe- 
ther its activity would be impaired or de- | 
ftroyed by paffing through linen before it got 
to the flefh. With this view, two pieces of 
the fame tendon and heart, equal in fize to 
thofe employed in the foregoing experiment, 
were put into two linen bags, and given to 
the eagle ; in eighteen hours they were thrown 
up. At firft the fides of the bags were dif- 
tended by their contents, but now that which 
contained the flefh was a good deal collapfed ; 
for half of it was diffolved: the other had 
more of its original diftenfion; for not above 
one-third of the tendon was confumed. Upon 
comparing together the diminution of the — 
fubftances in the bags and in the tubes 
(cLXxIx), I found, that in the former cafe 
it was lefs, notwithftanding the bags con- | 
tinued eighteen hours, and the tubes only 
thirteen.. It is therefore evident, that the 
linen is a greater obftacle to the action of the 
gaftric liquor than the tubes. 

CLXxxI. From my experiments upon 
Crows (LXVII) it was obvious to conjecture, _ 
that as more folds of linen were wrapped | 


round the animal fubftances, the action of 


the gaftric liquor would be ftill lefs confi- 
derable, 


whe 


pesi 


DEL SUSE RIT MAT 4+ 0 NU IV 225 


 derable. Itherefore gave the eagle fix bags, 
containing each an equal portion of beef; 
the firft was fingle, the fecond double, and 
fo on. The bird retained them twenty-three 
hours, when they were all vomited at once, 
as ufually happened to tubes and other indi- 
geftible matters, which when fmall are 
thrown up all at once, and when large one 
immediately after another. The two firit 
bags were empty, and the remainder of flefh 
in the four others were larger as the folds 
were more numerous, fo that in the fixthit_ 
was the largeft of all. It had however under- 
gone fome diminution, and the gaftric fluid 
had therefore begun to diffolve it, notwith- 
ftanding the fix folds, as appeared from its 
being impregnated with it, and from the ten- 
dernefs of the fibres, and the change of co- 
Jour on the furface. My next with was to 
try whether the juices of the ftomach were 
capable of penetrating through a denfer fub- 
ftance; I therefore fubftituted cloth in the 
ftead of linen, and having put fixty-eight 
grains of beef in the bag, tied fome pack- 
thread very tight round its neck. In four- 
teen hours it was vomited, and being appa- 
rently of the fame fize as at firft, it was re- 
turned immediately into the ftomach, where 
it continued twenty-two hours longer. I 


wiVo.: I. oo: now 
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now found that the cloth, notwithftanding 
its clofe texture and great thicknefs which 
amounted to four-fifths of a line, was tho- 
roughly penetrated by the gaftric liquor. The 
fleh was alfo moift with it, and appeared, 


upon being weighed, to have loft twenty- | 
feven grains. Twenty: feven grains had then 


been diflolved, and as no veftige of them 
was to be feen in the infide of the bag, it 


was evident that they muft have paffed out | 


through the pores of the cloth, and confe- 
quently that the gaftric fluid is capable off 


reducing flefh to particles of e utmoft te+ 
nuity. 


the eagle devours the fimaller bones of dogs 
and cats along with the flefh (crix). When 
I gave that in my poffeffion a bird, it would 
aio fwallow all the bones, except thofe of 


‘citxxxit. I have before obferved, that 


the extremities ; and as they were not thrown | 
up, there was good reafon for believing that I 
they were digefted, a circumftance that ex- 
aly agrees with my obfervations on falcons | 
and various other birds (xcviri, CxLVII, 


eLIV, CLVIII). But greater certainty was | 


defireable, and this I endeavoured to attain in 


the following manner: two pieces of the rib 
of a fimall dog, each about two inches long, 
tvere tied together, and two thigh bones of 


a cock; 
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‘a cock; this packet was retained twenty- 
three hours; but the bones were very much | 
altered during that time. The two pieces of 


rib were reduced to the thinnefs of a meme 


brane; the lea violence was fufficient to 


break them; they were totally inelaftic, and 


had loft all their marrow. The two thigh 


bones now refembled tubes of parchment; 


they were eafily compreflible, and when left 
to themfelves recovered their fhape, and afs 
ter being bent they would become ftrait 
again. Upon one of the tibia thus wafted 
_and altered there was a very fingular appear- 


ance; about one-fifth was ftill offeous, but 
tender, yielding to the touch, and much at- 


tenuated. It is therefore apparent, that the: 
| juices of the ftomach are capable of diffolving 
bone, and that in a fhort fpace. I was un» 


willing to throw afide thefe bones thus redu- ‘ 
ced almoft to nothing, and therefore tying 
them up in a bundle I gave them again to the 


eagle, in order to fee whether they would be 
entirely diffolved, or, like a caput mortuum, 
retain their membranous appearance; but 


being apprehenfive that this could not be fo 
well afcertained if they were naked in the 
ftomach, I enclofed them ina tube. It was 
retained thirteen hours, and upon examina- 
tion was entirely empty; it was therefore 

Q2 reafonable 
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reafonable to infer, that the gaftric fluid had 
now completed the folution. 

CLXXXIII. The readinefs with which thefe 
bones, of a texture by no means tender, were | 
digefted, led me to fuppofe, that the hardeft : 
- would not refift the action of the gaftric lied 
quor. To determine this, I began by giving 
the cagle a {phere worked at the lathe out of 
an ox’s thigh bone, of the fame diameter as 
that which had been ufed for the falcon, and 
taken from the fame individual (cL1x). Upon 
that occafion I obferved, that the falcon did 
not diffolve it during the long {pace of thirty- 
five days and feven hours. In the prefent 
cafe it was every day vomited, and immedi- 
| ately returned, and in twenty-five days and 
nine hours it was completely digefted. The 
eagle is then capable not only of digefting the 
hardeft bones, but of digefting them in a 
| fhorter {pace than fome other birds of prey, 
In the account of my experiments on the fal- 
~ con I remarked two things, firft, that its di- 
ameter decreafed without any change of fhape; 
fecondly, that the texture was not foftened | 
during the whole time (cLix): The firft 
phenomenon occurred on this oceafion, the 
{phere not only maintained its figure, but 
continued as fmooth as when it came from the — 
lathe. But with refpect to the fecond cir-' 
cumftance, 
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-eumftance, there was a wide difference; for 


notwithftanding the hardnefs of the bone, the 
furface was fo foft every time it was thrown 


up, that it was eafy to pare off with a knife, - 
flices as flexible as cartilage. The gaftric 


fluid then of the eagle, befides diffolyine the 


| fuperficial ftrata, had penetrated into dhe. fub- 
| ftance of the bone and foftened it; an effect 
which that of the falcon is inca pablo of pro- 


ducing. Penetrating, however, as it is, it 


| has no action on the enamel of the teeth, any 
| more than that of the falcon (cLXI). 


CLxxxIv, We have feen how ds 


more fpeedily the’ gaftric fluid of the eagle 
| digefts bone than that of the falcon; the 
fame obfervation may alfo be extended to 


| flefh, The former bird required thirty ounces 


a day (cLxIx), the latter was fatisfied with 


twelve, and fometimes with ten. The gaf- 


tric liquor of the one then diffolves, in an 
equal {pace of time, three times as much as 


‘that of the other, and confequently the ra- 


pidity of digeftion in one is triple of that in 
the other. I fhould however, upon mature 
reflection, be inclined to confider this greater 
rapidity as apparent, rather than real. The 
eagle indeed digefts three times as much fleth 
as the falcon in the fame time, but then the 
eaftric juice of the former is far more copious 


Q 3 than 
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than that of the latter; and if we fuppofe it | 
to be three times as much, a fuppofition very | 
admiffible, as we fhall foon fee, every third 
part will diffolve a quantity of flefh equal to 
that diffolved by the whole gaftric fluid of 
the falcon. The fame remark is applicable 
to other animals. With how fmall a quan- 
tity of flefh is the little owl fatisfied in com- | 
parifon with the eagle, and confequently 
how inconfiderable is the folution effected by 
the gaftric liquor; but then how trifling 
does the quantity of that liquor appear when 
we confider that of the eagle! The fame re~ | 
fleGion will recur when we compare a lamb 
with an OX, or a hare with a horfe. But 
with refpe& to the cafe in queftion, I could | 
not devife any more effe@ual means of de- 
termining whether the greater effe& produced 
by the juices of the eagle arofe from the greater | 
abundance folely, or in part alfo from its fu- | 
perior efficacy, than to give each of thefe 
birds a {mall quantity of fle at the fame | 
time, and obferve what would be the event, 
It would either be digefted by one as foon ag 
by the other, and then the fame efficacy muft 
be afcribed to both; or elfe the eagle would 
digeft it more fpeedily than the falcon, in 
which cafe the {mall quantity of flefh would. 
not allow us to fuppofe, that the fluid of the 
falcon 
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falcon could not fo foon diffolve it on ac- 


count of its being in fmaller quantity, and 


‘we fhould therefore be obliged to conclude, 


that it is lefs capable of digefting flefh than 
that of the eagle. This experiment I have 
often repeated, not only upon the falcon and 


eagle, but upon the two fpecies of owls alfo, 


and crows, and the refult has been, that 
fometimes one and fometimes another of thefe 


| birds has digefted the fimall portion of fiefh 


fooneft ; nor did the eagle at all diftinguifh 


| itfelf above the reft. As the difference of 


| time was very inconfiderable, it may be over- 


looked, and we may fafely fuppofe, ‘that the 


digeftive power of the gaftric iluid 1s nearly 


| equal in thefe feveral (pecies, and confequent- 
| ly that the eagle has no advantage over the 
ret. It may however be objected, that with 


refpect to bone, at lcatt, the prerogative of 
digeftion belongs to the eagle in preference 
to the falcon, which takes above thirty-five 
days to diffolve the fame {phere which the 
eagle diffolves in lefs than twenty-fix (cLIX, 
cLxxx1t1), I can adopt this opinion with- 
out much reluctance, fince there is no in- 


-confiftency in fuppofing, that two menftrua 


may agree In the effects they produce upon 
one body, but differ with refpe& to another; 
nay, this idea is confirmed by the facility 


Q 4 with 
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with which the gaftric fluid of the eagle pe- 
netrates into and foftens bone, a quality which 
that of the falcon does not poflefs in the 
imalleft degree (cLIX, CHEXXITGE)Y 0: 
CLxxxv. Let us now proceed to fhew 
the great abundance of gaftric fluid in the. 
eagle in comparifon with fimaller birds, fuch 
as the falcon, the owl, &c. To procure this 
fluid I was not obliged, as in other animals 
(Lxxx1), to ufe finall fpunges. The eagle 
fupplied me {pontaneoufly. Very foon after 
it was in my pofleffion I was aware, that along 
with the tubes a quantity of gaftric fluid was 
thrown up, fo that the floor was often quite 
wet with it. It was eafy to devife a method 
of catching it before it fellon the ground; 
for the cagle rarely moved from the place 
where it took food, and therefore generally 
vomited the tubes on the fame {pot. Upon 
this I fet a large glafs veffel, and thus was 
enabled to colle& a large quantity of liquor, 
which generally exceeded three-fourths of. 
an ounce a day on thofe days when’ the vo- 
miting took place, a quantity which I could 
not even hope to procure from all the above- 
mentioned birds of prey taken together, © 
What I obtained in this manner was extreme- 
ly well{uited to my purpofe, not being adul- 
terated 


id 
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‘ terated with heterogeneous matters; for it 
was always thrown up when the ftomach was 
empty, as I knew by the avidity which the 
animal fhewed for frefh food at this time. 

Its fmell, which I cannot defcribe, is not 
difagreeahle, but very much refembles that 
emitted by the gaftric liquor of other birds 
of prey. If we except the colour, which in 
the others is yellow, but in the eagle cineri- 
tious, it exhibited the fame qualitics, whe- 
ther we confider the bitter and falt tafte, the 
| turbid appearance, which is almot infepara- 
ble from the one as well as the other, its 
fluidity, which comes near to that of water, 
its difpofition to evaporate, or the total want 
of inflammability. 

«cLxxxvi. The gaftric juice of the eagle, 
as well as that of other animals, is capable 
of digefting animal and vegetable matters 
out of the body. It has even produced 
an incipient folution of bone, and an almoft 
complete one of cartilage; but the experi- 
ments were made in a confiderable heat; for 
otherwife little or no folution took place, and 
the gaftric juices of the eagle now only 
prevented thefe fubftances tota becoming 
putrid. 

Upon this fluid I nen two experiments, 
to gepich I had not fubjected that of other 


animals. 
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animals, Ona very cold day in winter I ex~ 
pofed a {mall quantity in a glafs, on a win- 
dow, along with two other glaffes contain- 
ing water, in one of which was diffolved a 
quantity of common falt fufficient to give it 
a ftronger tafte than the gaftric fluid had, 
The thermometer fet befide the glafles ftood 


at 5 deg. below o (a), Of the three liquors 


the firft that was frozen was the common 
water, the next was the falt water, and the 
laft was the gaftric fluid. When I carried 
them into my apartment, where the tempe- 
rature was three and an half deg. above o, 
the firft that thawed was the gaftric fluid, 
next the brine, and Jaftly the water. It muft 
| therefore be fuppofed, that this gaftric juice 


is capable of refifting cold more than com- 


mon water. As this cannot be attributed to. 
its faline principle alone (otherwife it would 


have been fooner frozen than the brine), it 
is neceflary to admit fome other principle ca- 
pable of retarding congelation, whether {pi» 
rituous or oily, or of whatever other nature; 
and the clofe analogy fubfifting between the 
gaftric liquor of the eagle and other animals 
renders it highly probable, that a like princi» 
ple exifts alfo inthem. 


(2) Twenty and three-fourths, Fahren. 


My 


aa 
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+ My fecond experiment was the following: 
having learned from Mr. Levret (4), that 
the juices of the ftfomach have the power 
of diffolving the inflammatory cruft of the 
blood, I procured fome of it from a pleuritic 
patient, and immerfed it in a phial of the 
gaftric fluid of the eagle. The event com- 
pletely anfwered my expectation: for in two 
days and a half, in a temperature of 15 deg. 
the cruft was entirely diffolved, and convert- 
ed into a liquid of a dark hue: this can oc- 
cafion no furprize; for if the gaftric fluid 
can diffolve animal fubftances of a far harder 
texture, fuch as mufcle, cartilage, bone, out 
- of the body, it will much more cafily pro- 
duce the fame effe& upon the inflammatory 
eruft of the blood. 

cixxxvit. Here the death of the cagle, 
which happened fomewhat more than five 
months after it ‘had been in my poffeffion, 
put a ftop to my experiments. I however 
refolved to examine the parts that are fituated 
internally, the only enquiry relative to di 
geftion that could now be made. . During 
the difeGion I found, that this individual 
was a female; for there were many eggs, 
fome fmaller and fome bigger, attached to 


{a) Art d’Accoucher. 
the 
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the ovaria. It was confequently much larger | 
and ftronger than the male of the fame fpe- | 
cies; for itis a conftantobfervation, that thes 
male in birds of prey is about a third fmaller 


syne 
and weaker than the female; whereas, in 


| other claffes, the male exceeds the female in 
both thefe refpeéts (a). The inteftinal canal 
was full of the ufual folds and convolutions 5. 
when ftretched out at full length, it was 
about fifty-nine inches long from the begin- 
ing of the duodenum to the end of the 
rectum. There is a double pancreas, and 
each portion is perfe@lv diftin& and feparate ;. 
but the fame obfervation has been made upon 
other animals. Both thefe glands are of a. 
blueifh fleth-colour, of an oblong fhape, and 
fmaller toward the end. There is a differs 
ence in the fize, one being an inch and an 
half in length, whereas the other is only 
an inch and three lines. They lie parallel, - 
are fituated about five inches from the pylo- 
rus, and ftretched along befide the duode- 
num, one on each fide, and are attached by 
cellular fubftance. At about fix inches dif. 
tance from the pylorus an apparent cord, 
tinged internally with a dark azure-colour, 
lies upon the duodenum. If we trace it 


: 


(2) Buffon. lc. T, 1. 
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bi <kwards, we find it gradually enlarged, 
‘and dat lat inferted in the gall-bladder, which, 
in fhape and fize, Sofri a wood-pigeon’s 
egg. From what has been before obferved 
(LxxxIv, cxv), it is eafy to guefs the ufe 
e this cord; it is the du& through which 
the bile pafles from the bladder into the duo- 
denu rforhe gall- bladder be prefied gently 
the crd becomes immediately tinged with a — 
deeper azure, and the liquor runs into the > 
duodenum: if we open that gut, the upper 
| part is found tinged with a greenifh azure 
bile. Upon wiping it away, the entrance of 
the du& becomes vifible, and'frefh bile runs 
into the duodenum when the preflure is re- 
~newed. The gall-bladder lies towards the 
right lobe of the liver, but is not covered by 
it. The bile is rather denfe, and hasa ftrong 
| bitter tafte. e; 
cLxxxvili. When I infpe&ted the fto- 
mach I was aftonifhed at its fmall fize, when 
compared with the crop. The latter cavity 
is capable of containing thirty-eight ounces 
of water, whereas the ftomach can fcarce 
hold three. We muft therefore fuppofe, 
that the great quantity of flefh devoured by 
this voracious bird pafles flowly from the 
craw to, the ftomach, in proportion as ‘it is 


digefted 
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digefted and expelled into the inteftin os | 
Hence it is eafy to comprehend how a fingle | 
meal may ferve feveral days; for a large prey | 
will be equivalent to feveral fmaller ones. “Bi 
cannot give a better idea of the fhape of the 
ftomach, than by comparing it to a man's leg 
and foot. At the point of the toes lies the 
pylorus, the foot refembles the bottom of 
the ftomach, and the leg the upper part. The 
flethy fafcia full of follicular glands, which 
in other birds, whether granivorous or Cars 
nivorous, is fituated Juft above the ftomach, 
in the eagle is contained within its cavity, 
and makes up the fuperior and larger half, 
The internal coat of this fafcia is fo thin and 
delicate, that it tears upon being flightly 
rubbed with a cloth. We come next to the 
nervous coat full of an infinite number of 
pores, out of which, when preffure is made, 
iffues a vifcid, cineritious, and infipid liquor. 
Upon removing this coat thefe pores appear 
to be the excretory ducts of the follicles, of 
which one extremity adheres to this, and the 
ether to the mufcular coat; next the laft 
mentioned lies the external coat, which ap- 
pears to be membranous. The glands are 
cylindrical, a line and one-fourth long; 3 they 
are tied together: by a number of membran- 
ous 
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“ons filaments. This fhort defcription fhews 
‘entire refemblance between the fafcia of 
| e eagle and other birds. The four coats 
pafs on to the inferior part of the ftomach, 
and extend to the pylorus. The mufcular 


SA 


coat feemed to merit a diftinct examination. | 


“It confifts of two ftrata. That which lies 
next the nervous coat is formed by flefhy faf- 
ciculi, of a lively red colour, running ina 
longitudinal direction. The other is of a 


| paler red colour, and the fibres interfe& thofe _ 


of the other coat at right angles, and of 
courfe run tranfverfely. Notwithftanding 
their nearnefs they are perfectly feparate from 
‘each other, like the rings of certain worms, 
particularly of the earth-worm, which they 
moreover refemble in their blueifh flefh-co- 
lour.. Thefe two thin ftrata doubtlefs caufe 
the various motions of the ftomach, of which 
the effects have appeared in fome of the ex- 
periments related above. This coat is one- 
fourth of a line in thicknefs; upon the faf- 
cia it is thinner, and I could only find the 
tranfverfe ftratum ; whence it feems probable, 
that: the motion of the ftomach chiefly takes 
place in the lower part, which has no, at 
leat no apparent, glands; but as a thin tranf- 
parent liquor oozes out on flight preffure, as 

in 


# 
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in the ftomach of birds belonging to the fame 
clafs (xc1I1, cul, CLXVII), we mul con- 
clude, that it abounds in {mall arteries, which 
perform the office of glands. | 
| ©LxxxIx. The death of my eagle hap- 
pened a few hours after it had taken food, 
but I could not difcover the caufe. Mott of 
the flefh was in the craw, anda little only had 
defcended into the ftomach. It Jay at the 
bottom near the pylorus, but fhewed no ap- 
pearance of being digefted, whether on ac- 
count of the morbid condition’ of the ani- 
mal, or becaufe it had but juft fallen into 
the ftomach. It was foftened by the gaftric 
juices, that tafted very bitter, which, as well 
as its yellow hue, was owing to the regurgi- 
tation of the bile into the ftomach, and thefe 
qualities were more apparent in the vicinity 
of the pylorus. The fleth in the crop was 
not altered in confiftence or colour, except 
that which lay in conta& with the fides >this 4 
was a little difcoloured and fomewhat ten- 
derer than at firft, circumftances that agree 
with what was faid at the clofe of the o 
cLxxvIIth paragraph. Lun , 
Upon emptying, inferting, and then inflat- 
ing the craw, the furface was covered with a 
multitude of {mall drops, which, when united 


by 
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. by fome flat body paffing over them, formed 
a fluid as tranfparent and thin as water; it 
feemed to have a bitterith favour. Upon in- 

_ {pecting the places whence the drops arofe$ 
they feemed fo many points, which the mi- 
crofcope fhewed to be minute pores. Hence 
it appeared, that every part of the crop a- 
bounds with thefe perforations, which I had 
no hefitation in fuppofing to be the excretory 
ducts of a multitude of glands lying between 
the coats, as I had alfo found in the craws 
of other birdsy.(xiix, 1, €Lxvit). In 
fearch of them I difle&ed away the internal 
coat, which, in thicknefs and ftrength, re» 

-fembles the nervous coat of the ftomach, of 
which perhaps it is a continuation. But 

neither in the fubftance, or between it and 
the mufcular coat, did I find any appearance 

| like glands. All that I could perceive, when 
I held the internal coat againft the light, was 

| the pores already mentioned, that looked like 
lucid points. Nor did the mufcular or the 
external coats, which la@ is membranous, 
| contain any glandular body. I was therefore 
obliged to conclude, that the fluid oozing out 
in the form of numberlefs drops upon the in- 
ternal furface of the craw is fecreted, not 
by glands, but by arteries too fmall to be 
Vor. I. R vifible. 


son vifible, The re t of. the cefophagus is alfo | 
full of thefe pores, and the fame fluid iflues” 
(0 33 ge Aron them; no fmall part of which muft 
Prà | run into the cavity of the Gaiacha: and con- 
= gg eributete the. formation of the gaftri 
| ftruum, which is compofed of 
proper fluid of the ftomach, 0 
the pancreatic juice. a 
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THE SUBJECT OF DIGESTION IN ANIMALS 
WITH MEMBRANOUS STOMACHS CON= 
CLUDED, THECAT. THE DOG. MAN, 

| WHETHER DIGESTION TAKES PLACE 
AFTER DEATH, | 


OX. TU E great difficulty with which 


; ‘cats are made to {wallow tubes, — 
ead the facility with which they vomit them, 


_ hindered me from making experiments upon 
this irritable animal in the manner I could 
have withed, Among, however, a vaft num- 
ber of unfuccefsful trials I have once or twice 
. fucceeded, and thus have been enabled to il- 
luftrate one chief obje& of my enquiries, I 
«mean the efficient caufe of digeftion. Ihave 
ufed every effort to oblige this anima] to 


{wallow bread and flefh, their ordinary food, .- 
Na enclofed. 
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enclofed in tubes, and in two individuals, one 
an adult, and the other a young one, have 
forced them into the ftomach. Both were 
killed, one after having retained tubes filled 
with fle(th nine, and the other with bread five 
hours. The former were found near the py- 
lorus. The outfide was wet with gaftric 
juice, the grating at the ends was entire, as 
alfo were the tubes, upon which there did 
not appear any bruife or other injury. "Two 
of the tubes were empty, the third contained 
a bit of the fize of a lentil-feed macerated in 
the gaftric fluid. ‘The center preferved the 
colour, confiftence, and tafte of fleh; the 
furface was changed into'a greyifh jelly of a 
bitterifh tafte. 

The tubes containing bread having re- 
mained only five hours in the ftomach, ‘were 


not empty. It had been chewed before it 


was put into the tubes, by which it was 
moulded into the fhape of cylinders fix lines 
and three-fourths long, Thefe cylinders 
were not completely diffolved, a portion about 
four lines long remaining towards the middle. 
of the tube, which was externally gelatinous, 


| but internally retained the characters of bread. 


This experiment then furnithes an irrefraga». 
ble proof, that the gaftric fluid, as well in 


the cat as in other animals with membranous 


and 
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and intermediate ftomachs, is the efficient 
caufe of digeftion independently of any tri- 
turating power. 

cxcr. If the ftomach be inverted and then 
inflated, it will be covered with humidity, 
though care fhould have been taken to wipe 
it dry. This humidity will appear repeatedly 
after the ftomach has been freed from it, a 
phenomenon common, as we have feen, to 
various other animals. It is not poflible to 
difcover the pores from which this fluid if- 
fues by the aid of a microfcope, nor can any 
glandular bodies be perceived in the coats, or 
the intervals between them; but when the 
ftomach is held againft the light, and exa- 
mined with a glafs “of great adagia pow- 
er, a number of bright flat mefhes or eyes 
appear through the coats. I could not how- 
ever determine the nature of them; notwith- 
_ ftanding I confidered the different parts of 
the ftomach with loa attention. 

exci1. My fuccefs with dogs was rinch 
greater than with cats. I could make them 
take more tubes without being liable to the 
inconvenience of having them vomited. I 
could not however force them down the cefo- 
è phagus, for this operation was attended with. 
ae fame danger as in the falcon and eagle; 
_ whenever I attempted it, the animal ufed all 
2 R 3 its 
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its efforts to bite me. But as they would 
{wallow them fpontaneoufly, like thofe birds, 
I had only to conceal them in pieces of fleth, 
and throw them upon the floor of the place 
where the victim of my curiofity was kept. 
As 1always took care he fhould be hungry, 
he generally ran towards the flefh, and fwal- 
lowed it eagerly without maftication ; where- 
as, the cat would keep it in the mouth, and 
after chewing it for fome time, throw out 
the tubes generally compreffed by the a&ion 
of the teeth, and {wallow the fleth only. 

I repeated the experiment that fucceeded 
with the two cats (cxc) upon a dog; the 
animal took fix tubes, four full of various 
‘kinds of animal fubftances, as coagulated 
blood, lights, mufcle, and cartilage; the 
two others contained chewed crumb of bread. 
In fifteen hours the dog was killed, and the. 
ftomach examined; it contained only four 
tubes; the other two had not been voided, 
and I fuppofed they muft have paffed on to. 
the inteftines, where I found them among 
the excrementitious matter at the beginning 
of the rectum. Before Idefcribe the appear- 
ances in the tubes, I fhall fay a few words of 
the juices with which the ftomach abounded. 
As it contained nothing but the tubes, we 
may confider the gaftric juice as pure. It was. 


of = 
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of a yellow colour, very bitter, almoft with- 


out fmell, not fo fluid as water, and totally 
deftitute of inflammability. It evidently 
confifts of two fubftances, one very thin, 
the other vifcid and gelatinous, which was 
depofited after ftanding a few hours. If the 
veffel was fet near the fire the clear part eva- 
porated, and left a cruft which was a 
by the gelatinous matter. 

The two tubes that had paffed out of the 


ftomach were empty, if we except fome ex- 


| crementitious matter that had got in through 


the mefhes of the grating. Of the other 
four three were empty, nor could I diftin- 
guifh which had contained bread and which 
flefh. The tough and compact cartilage 
alone filled part of the tube in which it had 
been put, but as far as I could judge by my 
eye, it was half wafted. It exhibited the 


| fame appearance as on a former occafion; it 


sa 


d 


gue 


was imbibed with gaftric fluid, and had ac= 
quired the fame tafte, at leaft on the furface. 
It was fo foft, that it feemed to approach 
more to the. nature of membrane than car= 

tilage. 
cxcilI. The refult of this experiment 
does not coincide with an obfervation in the 
| Praleétiones Academice of the illuftrious 
Boerhaave, publithed with a commentary by 
R4 Haller. 


248 D. I S S/EOR TIA TRON. uv. 


‘Haller. . The paflage is fo important, that I 
muft quote it as it ftands in the original. 
“ Receptum eft in hominum opinione quod 
ofla animalibus fubigantur; cum Helmon- 
tianis olim fenfit Boerhaavius; ut vero certior 
effet, curam adhibuit, ut obfervaret, quid 
cibis fieret in ventriculis animalium valde 
cibos coquentium, & experimento cognovit 
non fubigi. Dedit cani devoranda inteftina 
animalium, famelicus erat, affatim deglutiit, 
fubegit minime & per extremum inteftinum 
pendula mifere pott fe traxit. Dedit famelito 
cani offa butyro inun&a, reddidit furfura, ne- 
que quicquam aiffolvit nifi quod in aqua dif- 
folvi poteft. Dedit carnes, reddidit fibras 


carnis exfuccas. Dedit ligamenta, ea poft 


Id 


tridium nihil mutata egeffit (2). 
I referve till hereafter what I have to fay 
on the famous problem concerning the di- 


(2) It is a general opinion that animals digeft bone, and 
Boerhaave once entertained it in common with the followers of 
V.Helmont. Butin order to be certain, he made the experi» 
ment upon a fpecies of dnimal endowed with itrong digeftive 
powers. He gave an hungry dog fome inteftine, but found 
that inftead of digefting it, that it tormented him by hanging 
out cf his anus. Bones dipped in butter were alfo given toan 
hungry dog, but he returned the fragments without diffolving 
any thing more than water is capable of diffolving. When-he 


ii 


ligament was voided in three days unchanged. 


tried flefh the fibres were voided with their juices expreffed, and | 
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geftion of bone by dogs, and now confine 
myfelf to that part of the experiment that 
relates to the inteftine, ‘fleth, and ligament. 
I muft candidly own, that the different re- 
faults obtained by Boerhaave and myfelf fur- 
prized me. My furprize increafed when I 
confidered, that the fubftances were loofé in 
the ftomach of his dog, and of courfe more 


liable to be attacked and diffolved by the 


gaftric liquor; whereas my tubes muft more 
or lefs impede.its accefs. Upon further re- 
flection it occurred to me, that perhaps the 


dog was affected by fome internal malady, 


which might alter the properties of the gaf- 
tric fluid, as in the owl mentioned in the 


fourth diflertation, of which the gaftric fluid 


‘was rendered unfit for digeftion by too long 


fafting (ct11). This reflection however was 
not quite fatisfaCtory, and therefore to clear 
up the matter, I thought it would be better 
to repeat Boerhaave’s experiment, and give 


a dog fome inteftine, in order to fee what 


changes it would undergo in the alimentary 
canal. A middle-fized dog accordingly eat 
four pieces of the colon and ileum of a fheep, 
and at the fame time took two tubes, con- 


| taining cach a portion of the fame inteftines. 


4 


The tubes. were voided before the time I had 


fixed for killing the animal, for both were 


found 
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found among the excrements within about 
eleven hours after they were {wallowed. When 
the tubes were wafhed clean, I found that 
the pieces of inteftine were about half di- 
gefted. The folvent having acted upon both 
furfaces had reduced their thicknefs confi- 
derably, but what was left ftill retained its 
original ftruéture. I then wafhed the ex- 
crements, and difcovered feyeral pieces of in- 
teftine, wafted indeed, as well as thofe con-. 
tained in the tubes, yet eafily diftinguithable. — 
| cxcIv. This experiment does not exadly 
coincide with that of Boerhaave; it is not 


however totally repugnant to it, fince the 


pieces of inteftine were not completely dif- 
folved. My long acquaintance with the cir- 
cumftances attending digeftion gave rife to a 


. conjecture, which I refolved to fubmit to 


the teft of experiment. The digeftion of 
thefe pieces of inteftine, faid I to myfelf, was 
not complete in the fhort fpace of eleven: 
hours (cxci11); but may it not be fo in 4 
longer time? Is not the quantity of {olution 
in fome meafure proportional to the quantity 
of time? Does not this appear from unde- 
niable facts related in the foregoing differ- 

tations ? - | 
In order to verify my conjecture, I had only 
to contrive a method to prevent the inteftine - 
| from 
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from paffing fo foon through the pylorus ; and 


this, I conceived, might be done by enlarg-' 


ing the tubes beyond their ufual fize. I got 
the laft-mentioned dog to take three fuch 
tubes filled with as many pieces of the large 
inteftine of a fheep, as amounted to half an 
ounce and four penny-weights. The tubes 
were concealed in pieces of the fame intef- 
tine. ‘The dog, which as ufual, was hungry 
at the time of the experiment and was full 
kept fafting, voided fome excrement in twen> 
| ty-one hours, and upon minutely examining 
it, I thought I had fome foundation for be- 
lieving, that my conjecture was not fallaci- 
-0U$s for though fome membranous and fi- 
brous fragments appeared among it, which 
4 “could be nothing but pieces of the inteftine 
| in which the tubes were concealed, yet they 
were much more wafted, and much lefs cafily 
diftinguifhable than in the former experi- 
ment (exert), on account of their longer 
continuance in the body. As the procefs of 
digeftion is lefs rapid in the tubes than in the 
open ftomach, I let the dog live twenty hours 
longer, when the three tubes had remained 
forty-one hours in the ftomach. They all 
three lay clofe together at the inferior orifice 
of the ftomach, wrapped up in fome bits of 
“ERE, which in all likelihood the amimal had 


{wallowed 


Pa 
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{wallowed before the experiment, and both 
the tubes and rags were immerfed in gaftrie 
fluid. I make no mention of this juice, 
having found it to poffefs the properties de- 
fcribed in the cxcrid paragraph. The rea- 
der is more interefted in knowing what hap- 
pened to the inteftines contained in the tubes. 
Nothing could have fucceeded better than this 
experiment: two of the tubes were empty, 
and what remained in the third did not amount 
to eleven grains; and thus I had the fatis- 


-faGion of finding, as I had conjectured, that 


the incomplete digeftion of pieces of inteftine 
fometimes obferved in dogs, is no proof of 
the inability of the gaftric fluid to diffolve 
them; it only fhews, that they have not been, 
long enough fubjected to its aGion. Hence 
the reafon of Boerhaave’s miftake appears 
evident. Perceiving fome inteftine which he 
had given to a dog hanging out behind, he 
concluded that the animal could not digeft 
fuch fubftances (cxc111); whereas from the 
facts juft adduced it is obvious, that they had 
only not continued in the ftomach a fufficient 
length of time. | 
cxcv. Thefe facts alfo thew, that fleth 
lofes its fibrous ftru&ure in the ftomach of 
the dog, and it retains only when it happens 
to be voided foon after it has been fwallowed.. 
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But it might be objected by a rigid partizan 
‘of Boerhaave, that I have not ftrictly proved, 
| that the folution extends to the fibres; for 
- they may have been gradually feparated from 
the common mafs, and pafling out at the 
pores, and efpecially through the mefhes of 


the lattice-work, have left the cavity of the 


tube empty. I therefore thought it would 
‘be proper to throw further light upon the 
fubje& by a decifive experiment. If pieces 
of flefh were inclofed in purfes of very thick 
linen, they would either be diffolved and leave 
| no veftige behind them, as by other animals in 
Jike circumftances (LXVII, CLXXX, C LXXNL) 9 
and in this cafe we muft infer, that dogs are 
capable of diffolving flefh completely, or elfe 
the fibres would remain in the purfes, and 
then we fhould be obliged to agree with Boer- 
haave, that the digeftion of flefh by dogs 
confift in expreffing the juices and converting 
them into chyme, while the folid parts re- 
mained.unaltered. But along with the flefh 
I fubjected harder and more tenacious animal 
fubftances, fuch as tendon and ligament, to 
the teft of experiment. Six bags of very 
thick linen were given to two dogs ; four con- 
taining four different forts of flefh, viz. beef, 
veal, horfeflefh, and mutton; and the two 
| others tendon and ligament of an ox. Each 


me, bag 
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bag contained a quarter of an ounce; and it 
is to be obferved, that the contents were not 
cut into fmall pleces. Being apprehenfive 
left thefe bags, though of fome bulk, would 
pais through the pylorus before the time for 
examining them, I tied to each a bit of dry 
fpunge. They continued four days in the 
ftomachs of the two dogs; but fearing left 
fo long a fat might be hurtful to the animals, 
and of courfe difurb the procefs of digeftion, 
I fed them feveral times, though rather fpa- 
ringly. At the expiration of the time Jut 


| mentioned, I killed, and immediately opened < 
them. The experiment fucceeded jutt as I 


could have wifhed; for all the bags were in 
the cavity of the ftomach. Sufpecting that 
they might have been torn by the teeth of the, | 
dogs, I took particular care to examine them, 


.but they were whole, and the four firt upon 
_ being cut open were as empty as if they had 


never contained any flefh, but of the tendon 
and ligament there remained about the fize of 
a hazle-nut; there was no hole in either of 


the bags. The tendon appeared, upon being 


weighed, to have loft three-fourths, and the 
ligament above one half. I examined with 
particular attention, whether this diminution 
of bulk and weight arofe from the expreflion 


_ of the juices, but the contrary was evident ; 


for 


% 
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| for they were as pulpy and moift as at firit. 
Hence I had every reafon for concluding, that 
the gaftric fluid had really attacked and dif- 
folved the folid parts, fo as to enable them to 
pafs through the pores of the linen. The 
fame thing had happened to the flefh. The 
folution was ftill further confirmed, by the 
condition of the external ftrata of the tendon 
and ligament, which were become fo tender 
as to be torn by the flighteft violence. Iwas 
thus fully convinced of the efficacy of the gaf- 
tric fluid of the dog in diffolving the fibres 
~ both of flefh, tendon, and ligament, though 
the procefs is lefs rapid in the latter on ac- 
count of their greater tenacity and harfhnefs. 
That Boerhaave’s dog fhould void the liga- 


ments unchanged on the third day (ea poft - 


triduum nibil mutata egefit, Cxcttt), if by 
this expreffion he means that they retained 
the nature of ligament, and it feems incapa- 
ble of any other interpretation, I have not 
the fmalleft {cruple in believing, having feen 
the fame thing in a ligament that had been 
four days in the ftomach of a dog. It had 
indeed undergone a confiderable diminution, 
‘a circumftance which the celebrated Dutch 
’ phyfician would alfo have obferved if, inftead 
pf judging by his eye, he had taken the pre- 


caution 


¥ 


» 
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caution of weighing it before it was fwal- 
lowed, and after it had been voided.. 
cxcvi. We now come to confider whe- 
ther dogs are capable of digefting bone; a 
problem which, if we may rely upon the ob- 
fervations of feveral celebrated phyfiologitts 
and phyficians, would appear to be decided 
in the negative. We have already feen that 
Boerhaave’s dog, after having eaten bones 
dipped in butter, produced no other change 
upon them than _ fimple water would have 
done (cxciit). This he alfo endeavours to 
confirm by the following remark: ** Deinde 
in ftercore canino, quod Album Grecum vou 
cant, fragmenta offium pene non mutata re- 
periuntur, & fit mera offium rafura, qua 
dentibus canis adrofit, exfuccorum & in unam 
maffam redu&torum.” It appears from fome © 
notes on this paffage and from his great. 
work (a), that his illuftrious difciple, Albert 
Haller, adopted the fame opinion. Dr. Pozzi 
alfo afferts in his work quoted above (XIII), 
that dogs do not dige bone. Of the two 
experiments which he relates, the following 
appears the moit conclufive. He gavea dog 
that had been kept fafting for five days three 
bones which, though dry, the animal fwal- 
lowed for the fake of the butter with which 


(2) El. Phyf. T. 6, | 
| they 


| they were anointed. One ofthe bones weighed - 
three ounces, another. two, and the third | 


seem È 
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one. In threc days they were voided, and 


had only loft fix grains. |, 


Such are the Reréninlt? arguments adduced 


by phyfiologifts againtt Mie: vulgar Opinion. 


This i i however found in Reaumur an 


able advocate, one who eminently pofleffed 


the difficult art of making experiments with I 


fuccefs. Ofthe feveral productions by which 
he has fignalized himfelf, none have contri- 
buted more to his reputation, than the two 
beautiful memoirs on digeftion, which I have 
fo often quoted with applaufe. To illuftrate 
the prefent curious and interefting fubje& he 


made the following experiment ay. Two 


compact cylindrical bones, each feven lines 


long and two in diameter, were given to a. 


fmall bitch, which was killed in twenty-fix 
hours. The bones that were fill in the fo- 
mach were diminifhed in bulk, and it ap- 
peared to him that feveral lamine were ‘re- 
moved. They had moreover acquired the 


flexibility of horn, though they were at firft - 
rigid and inelaftic. Mar he infers, that 
they had been in part ied by the gaftric 


fluid. 
(a) Mem. 2. 


No. T. S CXCVII. 
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cxcvii. Having noticed the experiments 
of others, let me relate my own. In the fto- 
mach and inteftines of the dog, mentioned 
in the cxciid paragraph, I found feveral 
pieces of bone. They feemed to belong to 
fome quadruped, probably a fheep, and muft 
. have been eaten before the dog came into my 
-poffeffion. I did not weigh them, but as far 
as I could judge by infpection, they amounted 
to above fix ounces. Upon wafhing and 
then examining them attentively, I perceived 
feveral {cars and longitudinal furrows, of 
| which I doubted whether they were produced 
by the gaftric liquor or the teeth of the dog; 
befides, many of the angles and edges were 
evidently blunted, at the fight of which the 
idea of what happens to the hardeft bodies in 
a mufcular ftomach recurred. I moreover 
obferved, that thefe places were not. fo hard 
as the thicker parts of the bone. But thefe 
phenomena only fuggefted doubts, which I 
_refolved to diflipate by the light of experiment. 
I therefore filled fome tubes with pieces of 
‘ bone, and gave them toa dog. The bones 
were of various kinds and degrees of hardnefs: 
the tubes, which were two in number, were 
pui into a bag of linen, in order to prevent 
the bits of bone from getting out. To al- 
low the gaftric juices a proper time for pro- 


ducing 
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_ ducing their effects, the dog was fuffered. to 
live for feven days, and during this time was 
fed moderately; One of the tubes, though 
they were rather large, had paffed into the 
cecum, and was furrounded by feculent 
matter; the other remained in the fto- ' 
mach. They were neither of them empty, 
but their contents, which at firft weighed 
three-fourths of an ounce and eighteen grains, 
now amounted only to four penny-weights 
and feven grains. All the angles and edges 
were deftroyed. The fofteft bones had fuf- 
fered moft. ‘They could now be eafily cut in 
the thin places with a knife. The thinnet 
parts of the bone were diffolved and had paf- 
‘fed through the bag, not a veftige of them 
remaining. This experiment proves two 
propofitions, viz. that the digeftive powers 
of the dog act upon bone as well as fleh; 
though the latter, on account of its foftnefs, 
is more fpeedily diffolved, and that the gaftric 
juices are the fole efficient caufe of digeftion. 
CxCVIII. This experiment was repeated 
three times, and the refult was effentially the 
‘fame; but there occurred two circumftances 
that deferve to be hoticed. One of the dogs 
produced only a {mall diminution of the bones 
in eight days, though it was fed plentifully, 
and feemed to be in perfect health the whole 
S 2 time, 


ee ee « | 
260. SDEVLETRTATION: vi 


A 


By 


time: I his fhews, that little or no effect 
being produced upon the bone, which fome-_ 
times happens, as in the cafes alledged by 
Boerhaave and Pozzi (cxcvi), is no proof of 
the inefficacy of the gaftric fluid of this ani- 
mal; it only fhews, that the digeftive powers 
are unequal; nor ought this to excite our 
furprize, as the fame thing is obfervable in 
our own fpecies. | 

The other remarkable circumftance, to 
which I alluded, is the reverfe of the prece- 
ding. Among the bones given to one of the 
dogs, were two dentes incifores from the 
upper jaw of a fheep. It has been already 
obferved, that the enamel of the teeth re- 
ceives no injury from the gaftric fluids that 
are capable of diffolving the hardeft bones, 
fuch as thofe of the eagle and falcon (cLXI, 
CXXXIII); yet the gaftric fluid of the dog in 
‘queftion, damaged this compact fubftance. 
I have now before me the two teeth, which 
I keep as a curiofity. ‘The enamel of one is 
corroded in two, and of the other in three 
places; the five cavities are above a line long, 
‘and penetrate to the nucleus of the bone. 
The roots of the teeth were almoft entirely 
deftroyed. The powerful menftruum of the 
ftomach, had made greater havock among 
the other bones that were enclofed along with 


the 
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the teeth; the Seaton as they we 
wrought in a tenderer fubftance were more 
_confiderable. Upon comparing this pheno- 
“menon with the furrows mentioned in the 
-cxcvilth paragraph, I have no doubt but 
they were occafioned by the gaftric folvent. 
It deferves to be remarked, that in the cafe 
where the enamel of the teeth was deftroyed, 
the linen bag had not fuftained the fmalleft 
injury, though the folvent neceflarily pafled 
through it: nor is this to be wondered at; 
for we have inftances of many. gaftric fluids 
that are capable of decompofing the moft 
compact animal fubftances, though they do not 
| produce any effect on the fofteft vegetable mat- 
‘ters (CxLvI, CLvI). This is alfo true of che- 
mical menftruums; the nitrous acid diffolves 
the hardeft calcareous ftones, but leaves the 
moft friable gypfum and clay untouched. 

‘excix. Though my experiments on dogs 
decifively prove, that digeftion is the effect 
of the gaftric fluid alone; yet it was proper 
to enquire, whether the fides of the ftomach 
‘have any motion during digeftion, and what 
that motion is? There were two ways of 
making this enquiry; mediately, that is, by 
the effects; and immediately, that is, by 
opening the abdomen and infpe@ing the 
{tomach. 
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© With refpe& to the firft mode, though I 
was certain that the ftomach of the dog had 
no confiderable motion, becaufe neither the 
tubes nor the bags had fuftained any injury ; 
yet in order to fee whether it has any motion 
at all, I gave a dog fome thin tubes open at 
the ends, which were therefore liable to be 
compreffed by the fmalleft violence. But I 

- could not find the leaft contufion upon them, 
after they had been three days in the ftomach, 
The infpection of the tubes, however, pre- 
fented a phengmenon which {hewed, that 
the fides of the ftomach had not been inac- 
tive all the time, Upon opening this vifcus 
I found a mafs of hairs, which were of a 
different colour from thofe of the dog, and 
could not therefore have been fwallowed 
while the animal was licking itfelf. They 
muft have belonged to fome other animal 
that had been devoured by the dog, before it 
fell into my hands. Many of thefe hairs had 
likewife got into the tubes; which muft have 
been effected by the action of the ftomach. 

cc. I opened five living dogs, taking care’ 
net to wound the ftomach. This operation 
was performed foon after they had taken 
food; for I prefumed that the mufcular fi- 
bres, irritated by the diftenfion, would con- 
tract more evidently at this time. The 
| ftomach 
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‘f{tomach of the firft was perfectly quiefcent — 
when it was left to itfelf. But when the 
point of a knife was drawn over it, the parts 
‘that were touched and thofe that were adja- 
‘cent immediately contracted, and then re- 
turned to their former fituation. Upon 
throwing round a ligature above the cardia 
and below the pylorus, and taking the ito- 
mach out of the body, I thought I perceived 
a flight periftaltic motion, but it was of fhort 
duration. The contraGion and dilatation 
| continued to fucceed each other in the places 
| that were touched with the knife, or any ir- 
ritating body, for half an hour. The fto. 
mach of the fecond was not only deftitute of 
{pontaneous motion, but was infenfible to 
every ftimulus. In thè third ftomach the 
periftaltic motion was very confpicuous; the 
‘contraction began juft below the fuperior 
orifice, and proceeded with a gentle undula- 

tion to the pylorus, and the dilatation regu-.. 

larly followed. This fpe@acle lafted for feven — 
‘minutes. And I could refufcitate the mo- 
tion by irritating the upper part of the fto- 
mach, but it continued only a little while. 
“The periftaltic movement did not appear on 
the ftomach of the fourth. dog, but irritation 
‘would excite it. And it was in this cafe con- 
fined to the ring or circular band correfpond- 
ry ing. 
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ing to the place where the ftimulus was ap- 


plied.. This band contra&ed gently, and the | 


| 


diameter of the ftomach was fenfibly dimi- 
nifhed; in a few minutes it dilated juft as 


Lo 


flowly. In the fifth fomach the periftaltic | 


motion was as apparent as in the third sit 
lafted fome minutes longer, and when it had 


ceafed in all the other parts of the vifcus, a 
band juft above the pylorus continued thefe 
alternations. The contra@ion was fo confi- 


il 
I 


derable, that the oppofite fides of the fto- | 


mach almoft touched each other; but all 
thefe motions were exceedingly flow, nor did 
the fides of the ftomach ever dilate or con- 


tract fuddenly or forcibly, 


«eci. At the fame time I examined the fto.- 


mach of fome cats in the fame manner. The 
refult was exa@ly alike. A gradual move- 
ment of contraction and dilatation, beginning 
at the upper end and extending to the lower, 
was generally perceptible, | 
_ All thefe experiments, and the reader will 
find fimilar ones in Haller, though made 
with a different. view (a), clearly thew, that 
the motion of the ftomach of the dog and 
eat are not capable of triturating the food, 
but calculated to carry it flowly from the fu- 


(2) Mem. fur les part, irrit. & fenfib, T, Ie 


perior 
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| perior to the inferior orifice, and thence ex- 
D Bel it into the duodenum. 
| a From the great number of Sn that were 
| fubjected to thefe experiments I collected a 
large quantity of gaftric fluid, and found it 
4 as capable of pogneiny an incipient digef- 
. tion out of the body, as that of the other 
animals mentioned above, .both of boiled and 
raw meat, and likewile of feveral vegetables. 
It was however neceflary to apply a pretty 
ftrong heat, and to change the liquor feveral 
times, asin other inftances, 


ecii. Blafius, in his laborious and accu-. 


rate anatomy of the dog, fays, that. the in- 
ternal coat of the ftomach is compofed of a 


» eongeries of glands (2). My opportunities 
of afcertaining this have been frequent. La 


have examined it with my naked eye and with 
_ the microfcope, but could never perceive any 
glandular appearance. Upon' wiping it dry 
and prefling it, it was covered with an aque- 
ous exfudation, but I could not diftinguifh 
the pores from which this exfudation iffues. 
I have examined feveral pieces with the folar 
and the fimple alia and in fome per- 
ceived a Hal number of lucid points, while 
in others there appear ed nothing of this kind. 
I thenexamined the back part, sli is con- 


(2) Anat, Anim, 


tiguous © 
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tiguous to the nervous coat, and immediately. 
faw, that it is compofed of a congeries of 
oblong particles, ofa pale fleth-colour, clofe- 
ly compacted together. Thefe are probably 
the glands of Blafius; but I cannot affirm 
that they are really glands, not having been — 
able to diftinguifh the chara@eriltic marks of 
glandular bodies in them. But however this 
may be, it is certain they are deftined to 
tranfmit a fluid into the ftomach ; for when- 
ever they are prefled, the above-mentioned 
exfudation appears upon the internal furface. | 
And this fluid may be expreffed feveral days 
after the ftomach has been taken out of the 
body. | 

I have before faid, that the pores from 
which the gaftric liquor iffues are invifible; 
but the parts contiguous to the pylorus mutt | 
be excepted, in which they are very confpi- 
.cuous. Upon comparing the fluid that thus 


oozes out with that which is collected in the | 


ftomach when it is opened, we fhall find a 
very ftriking difference. The latter, as we 
have feen above, is yellow, bitter, and fome- 
what gelatinous (cxcii). But the former 
has not one of thefe properties, being co- 
lourlefs, infipid, and very fluid. Hence it 
1s evident, that the gaftric liquor of the dog, 
that liquor which is the efficient caufe of di- 

geftion, 
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; geftion, confifts, as in other animals, of fe- 
| veral different principles, viz. of faliva, of 
the cefophageal juice, of that which is pe- 
: culiar to the ftomach, of the pancreatic juice, 


4 


andof bile. : 
. cem. To complete my refearches on ani- 
_ mals with membranous ftomachs, it remain- 
ed to examine that of Man. One may indeed 
draw very plaufible inferences concerning 
human digeftion, from obfervations on the 
other fpecies of this numerous elafs ; efpecially 
from birds of prey, the cat and dog, which 
refemble us fo much in the firafiure of the 
ftomach. But analogical arguments are pro- 
bable indeed, but not conclufive. And it is 
an objet of, much higher importance to at- 
fain certainty in Man than in animals. In. 
the writings of antient and modern phyficians 
no topic is more frequently difcuffed, yet 
there is little elfe befide fuppofition: direct 
experiments upon Man are entirely wanting, 
and their refearches are illuminated only by 
the twilight of conjecture, and fupported by 
precarious hypothefis. If therefore it was 
neceffary on other occafions to have recourfe 
to experiment, on the prefent it was abto- 
lutely indifpenfible. Upon reflection it ap- 
peared, that the principal experiments were. 
reducible to two heads, viz. to procure hu- 
È) | man 
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man gaftric fluid, in order to examine it in | 
the manner that of animals has been already | 
examined; and to fwallow tubes full of va- 
rious vegetable and animal fubftances, in | 
order to fee what changes they undergo in | 
the ftomach. I will candidly own, that the | 
latter kind gave me fome apprehenfion. The | 
hiftories of indigeftible fubftances occafioning 
troublefome fymptoms, and being vomited 
after a confiderable time (4), occurred to my 
mind. I alfo recollected inftances where 
fuch bodies had {topped in the alimentary 
canal. Other facts however where the re- 
fult was contrary, and of more frequent oc- 
currence, gave me confidence. Thus we. 
every day fee the ftones of cherries, medlars, 
plums, &c. fwallowed and voided with im- 
punity. This confideration at laft deter- 
mined me to make a trial with as great cau- 
tion as poffible. 

cciv. I fwallowed in the morning fafting 
‘a linen bag, containing fifty-two grains of 
mafticated bread. All the following expe- 
riments were made under the like circum- 
ftances. I retained the purfe twenty-three 
hours without experiencing the fmalle® in- 
Convenience, and then voided it quite empty. 


(a) Haller, Phyf. T. 6. 
The 
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The ftring ufed for fewing and tying it was 
entire, nor was there any rent in the bag it- 
felf. Hence it is plain, that it had not re- 
ceived any damage either in my ftomach or 
inteftines. The fortunate refult of this ex- 
‘periment gave me great encouragement to 
undertake others. I immediately repeated 
it with two of the fame bags, with this va- 
tiation, that one was double, and the other 
had three folds. My motive obvioufly was 
to fee, whether thefe additional folds would 
impede digeftion. The bags were voided in 
twenty-feven hours, and the double one was 
empty; but the other ftill contained a {mall 
quantity that had yet the characters of bread. 

ccv. From vegetable I proceeded to ani- 
mal fubftances. In a fingle linen bag fixty 
grains of boiled pigeon were enclofed, and 
‘in another the fame quantity of boiled veal, 
both previoufly mafticated. The purfes'were 
voided in eighteen hours and three-quarters, 
and the flefh was entirely confumed. Inftead: 
of fixty I next took eighty grains, of which 
the bulk was not fo great as to make me ap- 
prehend any danger from its ftopping in the 
cefophagus, and ftill lefs from its not getting 
out through the pylorus, as at that time it 
mutt of neceffity be very much diminifhed in 
bulk. The flefh had been previoufly boiled 


and 
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and mafticated. I retained it twenty-nine 
hours, at the expiration of which time there 
remained eleven grains undiffolved. This 
fleth differed in appearance from that which 
is taken undigefted out of the ftomachs of 
animals. The furface of the latter is gela- 
tinous, but-the former was as void of fuccu- 
lency as if it had been fet under a prefs. 
* This appearance, which is analogous to that 
of the bread in the preceding experiment 
(cciv), made me fufpe&, that perhaps the 
human ftomach might poffefs a pore of 
comprefiing its contents, though others of 
the fame ftru&ure are dist il of fuch a 
power. Itherefore determined to bring this 
fufpicion to the teft of experiment. 
ecvi. Finding that I cbuli digeft drefled 
meat that had- leer mafticated, I wifhéd to 
know whether I was capable of digefting it 
without maftication. : I fwallowed eighty 
grains of the breaft of a capon, enclofed in a. 
bag. The bag was retained thirty-feven 
hours. So long a {pace had produced con-. 
fiderable effects, for it had loft, fifty-fix’ 
grains. The furface of the remainder wads 
dry, but the internal fibres appeared to be 
more fucculent. Digeftion feemed to have 
gone on uniformly, for the piece retained its 
original fhape. 
ccviI. Ii 
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ecvil. I next wifhed to know whether © 
| this drynefs of the furface would be obferved 
in raw as well as dreffed flefh. I did not 
doubt but I fhould digeft it in this ftate more 
or lefs {peedily; for the human ftomach is 
adapted to the digeftion of the one as well as: 
the other, whole nations living upon raw 
fleth, and raw fith being eaten in fome ma- 
ritime countries; not to mention that oyfters, 
cockles, &c. in the ftate they are taken, are 
among the delicacies of the elegant and luxu- 
rious, though a food of difficult digeftion. 
I took fafting fifty-fix grains of raw veal and 
‘as much beef, enclofed in two bags, which 
were returned about the middle of the next 
day. Of the veal, as it was the tenderer, 
there remained fourteen grains, and of the 
beef twenty-three. In both there was the 
fame drynefs on the furface as if the bags 
had been wrung, or prefled by fome external 

. violence. 
cceviri. As then this phenomenon i is con- 
ftant, are we to fuppofe, that the digeftion of 
flefh and bread, which is nedduoed by the 
. gaftric fluid within the bags, is aided by the 
triturating power of the ftomach? Does any 
fuch power exift at all? I ‘could devife no 
Petter means of folving thefe doubts, than by 
obferving what happens to-animal and vege- 
table 
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table fubftances enclofed in tubes. Should 
they either not be at all or imperfectly digef- 
ted, we muft infer, that there was wanting, 
fome circumftance either neceflary, oratleaft 
expedient; and we might prefume, that it is 
trituration. I was then under the neceflity 
of {wallowing tubes. Having fuffered no- 
thing from the former experiments, I en- 
| tered upon thefe without much apprehenfion. 
Inftead of tin I had my tubes made of wood, 
fearing left the refidence of the metal in the 
ftomach and bowels thould be productive of 
bad confequences, although I never. perceived 
any in other animals. The gaftric fluid had 
newer corroded it, the furface was only turned 
black. My wooden tubes were five lines in 
length and three in diameter. The fides were, | 
as ufual, perforated with a great number of 
holes, in order to allow free ingrefs to the 
juices of the ftomach, along the whole length 
of the tubes, as well as at the ends. To 
prevent the entrance of the foeculent matter 
during their paffage through the long track 
of the inteftines, they were enclofed in linen 
bags, a precaution not always employed upon 
other occafions of the like nature. At frQ 
I took a fingle tube, containing thirty-fix. 
grains of boiled veal previoufly mafticated. 
The tubes was voided empty in twenty-two 

hours. 


— . 
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hours. The cover of linen was entire, and 
had prevented any extraneous matter from 


getting in. 


ccix. This experiment, which is by no 
means favourable to the do&rine of tritura- 
tion, induced me to attempt others before I 
drew any conclufion. As the tube was ca- 
pable of containing above thirty-fix grains, I 
put in forty-five. I retained it feventeen 
hours. There was a refiduum of twenty-one 
grains ; and now appearances were changed; 
the veal not only had its natural fucculence, 
but the furface was foft and gelatinous, the 
center alone remaining fibrous. The jelly. 
was {weet, its fimell was not at all putrid, 
any more than that of the refiduums in the 
purfes. Thefe appearances were obferved in 
three other experiments with boiled, and one 
with raw fleth of feveral different kinds. I 


hefitated not to conclude, that in Man, as 


well as numberlefs other animals, the gaftric 
fluid digefts the food without the concurrence 


of trituration. It is indeed not poffible that 
it fhould concur ; for I have direct proofs, that 
no mufcular action capable of producing fuch 
effects is ever exerted by the human ftomach. 
Among the wooden tubes employed in thefe 


experiments, I procured fome to be made fo 


thin that the flighteft preflure would crufh 
ROLL, E > them 
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them to pieces; and though I frequently ufed 
them, not one was ever broken. If I took 
off the linen cover, which was always entire, 
and examined them with ever fo much at- 
tention, I could never perceive the {malleft 
fiffure. : 

-ecx. Thefe perfe&ly coincide with the 


| following facts. Cherries and grapes are faid 


to be voided entire (a). I refolved to afcer- 


| tain by my own experience the truth of thefe 


obfervations. I firf fwallowed four unripe: 


grapes, becaufe in that ftate they have greater 


firmnefs. In a day they were all voided with 
the {kin whole; the colour was changed from 
a greyi(h white to yellow. I next made trial 
of ripe grapes, which, as every one knows, 
burf on the flighteft preflure. Of twenty- 


five which I fwallowed eighteen were voided 


‘entire, of the other feven the fkins only ap- 


peared. I made the fame experiments with 
many cherries, as well ripe as unripe, and by 
far the greater number were voided entire. 
Thefe experiments, together with thofe made 
on the thin tubes, afford the moft conclu- 
five evidence, that no triturating force is ex- 


erted by the human ftomach. 


J Mall be perhaps afked, what is the caufe 
of the drynefs of the fibres; fo often obferved 


(a) Haller, Phyf. T. 6. 


in, 
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in fleh enclofed in the linen bags, which 
would appear to have been forcibly preffed — 
(cciv, ccv, ccvi, ccvit)? Upon confi- 
dering the matter I was led to fuppofe, that 
the inteftines are more concerned in this phe- 
nomenon than the ftomach. While the bags 
remain in the ftomach, the flefh is converted 
into a gelatinous matter; for there is no rea- 


fon to ‘baked that this happens in the tubes È 
only, and not in the bags. But when they 
are protruded into the inteftines, they muft n° 


_be furrounded and preffed by the foeculent 
matter. Hence the jelly is fqueezed out, 
and the fibres lofe their fucculence. And 
this, not the action of the ftomach, I take to 
be the reafon why cherries and grapes are 
now and then burtt. 

ccxI. Having thus eftablifhed this dine 
damental propofition, viz. that the digeftion 
of flefh and breadis produced in my ftomach _ 
by the gaftric fluid independently of tritura- — —&@ 
mon fetiw;-'eovi” CevI,-CCVII, COVIII, 
ccix, ccx), I had before me a fine field for 

‘experiments that could not fail to fuggeft 
fome important truth. The neceflity of maf-- 
tication is fufficiently known. There is, per- 

/haps, no perfon who has not fome time or 
other been fubje& to indigeftion for want of ‘ 
having chewed his food properly. In the 

12 courfe 
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courfe of my experiments I had fwallowed 

fome mafticated flefh, and fome without maf- 

tication; but having never taken care that it 

fhould be of equal fize, I had no term of 

comparifon, and hence was not certain which 

was moft {peedily digefted. I therefore fup- 

plied this omiffion in the following manner. 
I took two pieces from a pigeon’s heart, each. 
weighing forty-five grains, and having chew- | 
ed one as much as I ufed to chew my food, — 
da enclofed them in two tubes, and fwallowed®. 
| them at the fame time; but without attain- — 
ing the end I had in view; for the tube con- _ 
taining the chewed flefh was voided in twen-_ 
ty-five hours, and the other in thirty-feven, ~ 
both empty. Another experiment made un- — 
der the fame circumftances fucceeded better, 
both the tubes were voided in nineteen hours, © 
And I then faw how much digeftion is pro- 
oted by maftication. Of the mafticated | 
2 — flefh there remained only four grains, where- ; 
as of the other there were eighteen left. This — 
was confirmed by two other experiments, | 

one made with mutton, the other with veal. 
The reafon is obvious. Not to mention the — 
faliva which moiftens the food and predifpofes 

it to be diffolved, it cannot be doubted, that 

+ when it is reduced to pieces by the action of 
V the teeth, the gaftric fluid penetrates more . 
readily, | 
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readily, and by attacking it at more points, 
difiolves it more fpeedily than when it is 


whole. This is true of menftrua in general, | 
which always diffolve bodies fooner when 


they have been previoufly broken in pieces. 
This is alfo the reafon why in other experi- 
ments, mafticated bread and dreffed flelh were 
more readily diffolved than unchewed bread 
and raw flefh. The boiling had made it ten- 
derer, and confequently difpofed it to allow 
ingrefs to the gaftric fluid. 

ccxII. It is an opinion common among 
modern phyfiologifts, that flefhy fibres, ten- 


don, cartilage, and bone lofe their juices in 


the human Li but that the folid parts 


are not diffolved. or digefted. With refpect 
to flethy fibres, I muft differ from them, 


having clearly proved the contrary by expe I ’ È 


Miment:i{cèv,..cewrii, coxfh As I could 


bring the other fubftances to the fame teft, 
I would not negle& an enquiry of fo much 
importance. I at firft took membrane en- 
clofed in a tube without maftication or divi- 
fion, weighing about fixty-five grains. The 
tube was voided in thirty-two hours, | and 
prefented the following appearances: The 


membrane was entire, but feemed thinner | 


and fhorter. It weighed only twenty-eight 


grains. ‘This diminution, however, was not- 


Lig a fuf- 
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a fufficient proof of the folution of the folid 
parts; it might depend upon the privation of 
the fluids, It was therefore proper to return | 
it into the ftomach, and wait the refult. The 
membrane was voided in fifteen hours; it 
was {till in one piece, but exceedingly redu- 
ced, weighing now only five grains. This 
petty remainder | {wallowed a third time; the 
tube was voided in twenty-two hours, and 
was now completely empty. I afterwards” 
obferved the fame phenomena in membranes 
of greater thicknefs and tenacity; and I once 
digefted the aorta of a calf after it had been 
bomen dhe only difference I could perceive 
was, that the compacter membranes required 

more time to be diffolved. 
ccxrti. I made experiments upon carti- 
glage and .tendon at the fame time. To avoid 
difguiting the reader by y too particular a re-. 
cital, I will only mention the bare refults, 
The cartilage was more fpeedily diffolved than 
the tendon, the former being totally con- 
_ fumed in eighty-five and the later i in ninety=. 
feven hours. Both were taken from an ox, 
and had been previoufly boiled for half an. 
hour. | 
ccxiv. Bones ftill remained, and I fub- 
mitted fome beth of a hard and foft texture 
to experiment, The latter were completely 
“3 diffolyed, 
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diffolved, and required about the fame time 
as cartilage. But the former underwent no 
perceptible diminution, though it continued 
upwards of eighty hours in my ftomach. I 
likewife fwallowed a naked ball of hard beef 
bone three lines in diameter, and in thirty- 
three hours voided it undiminifhed. 

It is therefore certain, that the ftomach is 
capable of digefting not only mufcular fibres, 
but membrane, tendon, cartilage, and even 
bone itfelf, provided it is not too hard; 
though moft phyfiologifts and phyficians 
have been led to adopt a contrary opinion by 
obferving, that thefe fubftances are evacuated 
unaltered. But this is no proof that they are 
indigeftible (for if they had made the expe~ 
riment on themfelves, and weighed the fub- 
ftances, they would have obferved a wafte),’ 
it only fhews, that they are not fo foon di 
gefted as other kinds of food, which are dif? 
folved in a few hours; whereas, membrane, 
tendon, cartilage, &c. require feveral days, 
on account of their tenacity and hardnefs. 

Let noone fuppofe, that my ftomach, be- 
ing ftronger than common, is capable of di- 
gefting what that of others cannot digeft. I 
own, with concern, that it is weak, as is 
ufual in thofe whofe purfuits condemn them 3 
to a fedentary and unwholefome way of life. È 
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My ftomach digefts food fo flowly, that pia 
cannot ftudy for five or fix hours after a 
{paring dinner, and am liable to indigeftion | 
whenever I feed more plentifully than com- 


mon. | | 
Before I. quit this fubje& let me obferve, 
; that though I have mentioned the gaftric 


juices as the efficient caufe of digeftion in 

the experiments on myfelf,, yet I mean not 
to exclude thofe of the inteftines from their | 
fhare. We know, that the fmall inteftines 

complete the procefs of chylifcation, which 
is but begun in the ftomach. I muft there- 
fore allow, that the digeftion of animal and | 
vegetable fubftances in the bags and tubes. 
is perfected in the inteftines, But this is. | 
i pot in the leaft repugnant to the refult of | 

«#9, thofe experiments that thew the human fto- 

= # nach to be deftitute of any triturating force, 
and digeftion to be the effe& of the gaftric | 
fluid alone, though the fluid which is fecre- | 
ted by the fides of the fmall inteftines may | 
complete the procefs. è Z| 
ccuvendn  thesociind paragraph I re-. 
marked, that the chief experiments on man || 
were reducible to two heads, thofe which 
relate to the natural procefs, as it may be ob- | 
ferved by means of tubes and fuch contri- 
vances, and thofe which relate to artificial 
digeftion, 
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digeftion, provided the gaftric juices can be 
procured. Having treated the former of thefe 
divifions as well as circumftances would per- 
mit, it remained for me to make fome enqui- 
ries relative to the fecond. It was firft ne-. 
ceffary to devife a method of procuring the 
gaftric fluid. The firft idea that ftruck me 
was to fearch for it in dead bodies, but after 
examining feveral ftomachs I was obliged to 
abandon this fearch; for they were either 
without any fluid, or elfe what they contain- 
ed was fo turbid and fo much adulterated 
with heterogeneous matters, that it would 
by no means fuit my purpofe. Nor were the 
little fpunges, which had ferved fo well in 
ei better adapted to the prefent occa- 
fion.' Two fpunges would not fupply me 
| with a fufficient quantity, and I could ven 
ture only to fwallow two tubes at once, fo pi 
fear of forming an obftruction in my ftomach. 
Befides, the juice thus procured would have 
been very impure, on account of the hete- 
rogeneous matters that the tubes muft ne- 
ceffarily have imbibed during their paffage 
through the inteftines. 

There remained only to obtain it by ex- 
citing vomiting while the ftomach was empty. 
To effect this, I chofe rather to tickle the 
fauces than drink warm water, as in this cafe 


the 
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the gaftric fluid muft have been diluted. A 
In this manner therefore, before I took meat 
or drink, I procured in two mornings a quan- 
tity fufficient fora few experiments, of which 
the refult fhall be related below. I could 
have wifhed to have made a greater number, + | 
~ but the difagreeable feelings occafioned by the 
act of vomiting, the convulfions of my whole 
frame, and more efpecially of my ftomach, 
that continued for feveral hours after it, left 
upon my mind fuch a repugnance for the 
| operation, that I was abfolutely incapable of 
repeating it, notwithftanding my earneft de- 
fire of procuring more gaftric liquor. | 
ccxvi. I was therefore obliged to con- 
tent myfelf with what thefe two vomits af- 
forded me. The fir time it amounted to an 
ounce and thirty-two grains. It was frothy 
at its being thrown up, and fomewhat glu- 
~ tinous. After it had been at reft a few hours 
and depofited a fmall fediment, it was as lim- 4 
ped as water. It wasa little falt to the tafte, 
but not at all bitter. It did not, either when 
thrown on the fire or brought near a candle, 
fhew any token of inflammability (0). «It 9 
evaporated 


(a) From this and the Lxxxift, cxxrtid, ‘exLIxth, and 
cLxxxvth paragraphs we may colle&, that the gaftric juices 
both of man and animals are deftitute of infammability. I 

made 
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evaporated in the open air, and when I put: 


fifty-two grains into a veflel and fet it on hot 
coals, it emitted a thick fmoke. Another 
{mall portion, weighing eighty-three grains, 
was put in a phial, which was clofed with 
a ftopple to prevent it from evaporating. It 
did not change colour or tafte, nor did it.ac- 
quire any bad fmell, notwithftanding it was 
kept above a month in the hotteft feafon of 
‘the year. I thus employed about one half, 
the remainder was ufed for an attempt to ob- 
tain artificial digeftion. It was put into a 
glafs tube two inches long, fealed hermeti- 
cally at one end, and very narrow at the other; 


I then introduced a fmall quantity of mafti- | 


made thefe experiments, becaufe Reaumur thought that that 
of his kite was inflammable, which quality Dr. Batigne im- 
putes to the bile, a fluid confifting principally of oil (premiere 


Reflexion fur les Exper. de Reaumur). But were this true, the è 


gaitric juices of moft of my birds ought to have taken fire. As 
all mine are contrary to Reaumur’s fingle experiment, I fhould 
fufpe&, that what he obferved was owing to accident. His 
experiment was the following: "To take away the {mell of ‘pu- 
trid fleh, which one of his tubes had acquired, he fet it upon 
fome burning coals, when immediately there iffued a flame 
from the infide that lafted above a minute, (Seconde Mem.). 
But it is eafy to perceive, that this might have been owing to 
fome fat of the enclofed flefh adhering tothe tube. Iam more 
confirmed in this fufpicion from having obferved, that the gaf- 
tric fluid of a kite, fuch as Reaumur’s, mentioned in a note to 
paragraph cLxxv, was not more difpofed to take fire than the 
other gaftricjuices which I svamined. 


cated 


or 
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cated boiled beef, and ftopping the tube with | 


cotton, fet it in a ftove clofe to a kitchen | 
fire, where there was a confiderable heat, | 
though not perhaps exactly equal to the tem- | 
perature of my ftomach. By the fide of this | 
tube I placed another, containing the fame | 


quantity of flefh immerfed in water. The | 


appearances in both were the following: In 
twelve hours the flefh in the former began | 
to lofe its fibrous ftructure, and in thirty- si 
five it had fo far loft its confiftence, that î| 
when I attempted to lay hold of It; it flipped È 
from between my fingers. But though to the 
naked eye it appeared to be reduced to a pul- 
taceous mafs and to have loft its fibrous tex- 
ture, yet the microfcope rendered the fibres 
vifible; they were however reduced to a great 


a degree of minutenefs. After this femifuid 


fhapelefs mafs had continued two days longer | 


in the gaftric fluid, the folution did not feem 


to have made any further progrefs, and the 


reduced fibres were ftilljuft as apparent. The — 


| flefh did not emit the leaft bad fmell, while 


that immerfed in water became putrid in fix- 
teen hours, and grew worfe and worfe the 
two following days. It loft in fome meafure 
its fibrous ftructure, as always happens du- 
ring putrefaction; but this appearance did not 

| proceed 


è 
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| proceed fo far as in the other portion, for 


the fibres were entire on the third day. 
ccxvii. I vomited the fecond time more 
gaftric fluid, and was now enabled to examine 
it again as I had done before; and it appeared 
to pofiefs exactly the fame properties. In or- 
der to determine the influence of heat two 
tubes were filled with it, and fome flefh was 
immerfed as before (ccxvi). One of the 


tubes was placed in the ftove, and the other 
“left in the open air. In the former the flefh 


pi 


* 


“was juft as much diffolved as in the preceding 
experiment; but in the latter the folution pro- 
ceeded no farther than when water was em- 
ployed (ccxvi). There was however no pu- 
trid fmell, though the flefh was left immerfed 
in the gaftric fluid feven days. 

Before I conclude this account, I mu 
mention a circumftance that happened the 
fecond time I procured gaftric liquor by vo- 
miting. Four hours before I fubmitted to 


this difagreeable operation, I had fwallowed 


| two tubes filled with beef, one of which was 
thrown up; the flefh was thoroughly foaked 


in the fluid of the ftomach, and the furface 
was foft and gelatinous; it had moreover 
waited from fifty-three to thirty-eight grains. 
This experiment proves, that there takes 
place a confiderable degree of digeftion in the 

ftomach, . 


fe 3 


oie 
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ftomach, before the food pafles into the in- 
teftines. 

ccxvIII. We may now fafely lay down 
fome general confequences concerning di- 4 
geftion in Man and animals. In the experi- 
ments on birds with mufcular ftomachs, we 
have feen how trituration difpofes the food 
to be digefted. Hence Nature has furnifhed 
that clafs with gaftric mufcles of fufficient 
power to effect this neceflary preparation. 
But we have likewife feen how digeftion, 
which confifts in the tranfmutation of. the 


-aliment into chyme, is the effect of the jui- 


ces alone with which the ftomach abounds 
(Dia). 

We next proceeded to birds with interme- 
diate ftomachs, fuch as crows and _ herons, 
and found, that in them digeftion was owing 
to the gaftric fluid alone (Diff. 11). 

We next confidered animals with mem- 
branous ftomachs, a clafs fo numerous and 
various, that it comprehends almoft every fa- 
mily of living creatures; it includes the in- 
habitants of falt and frefh water; amphibi- 
ous animals, as the frog, the newt, and wa- 


_ter-{nake; reptiles, as the viper, the land- . 


{nake, and many others; quadrupeds, as the 
cat, the dog, the horfe, the ox; birds, as 
: a birds 

E°; 


DISSERTATION v. 287 


| birds of prey: to this catalogue Man himfelf 
is alfo to be added. 

In feveral of thefe animals we have feen 
the neceffity of previous trituration, as in the 
ruminating order and in Man; in them it is 
produced by the teeth, as in gallinaceous fowls 
by the mufcles of the ftomach. But in others, 
as inthe frog, the newt, ferpents, and birds 
of prey, it has no fhare in the procefs of di- 
| geftion. But in the latter, as well as the for- 
mer cafes, we have feen how the food is dif- 
folved and digefted by the gaftric fluid (Diff. 

Pipa). 
_ Inevery order of animals, Nature, always 
uniform in her operations, employs one prin- 
ciple for the performance of this vital func- 
tion. Hence fhe has fo copioufly furnifhed 
the cefophagus and ftomach with glands, fol- 
licles, and other contrivances that anfwer , 
the fame end, whence continually flow the 
juices fo neceflary to the life of Man and ani- 
mals. Thefe juices agree in many properties, 
but the difference of effect fhews, that they 
differ in others. In the frog, the newt, 
fcaly fifhes, and other cold animals, the 
_ gaftric fluid produces digeftion in a tempera- 
ture nearly equal to that of the atmofphere. 
But the gaftric fluid of hot animals is inca- 
_ pable of didfolvi ing the aliment in a degree of 
heat 


rs 
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heat lower than that of the animals them- 
{elves. There is alfo a difference in celerity 
of action, and in efficacy. In celerity, be- 
caufe the food in hot animals is digefted in a 
few hours; whereas, in the oppofite kind it 
requires feveral days and even weeks, parti- 
cularly in ferpents. In efficacy, becaufe the 
gaftric juices of fome animals, as the gallina- 


. ceous clafs, can only diffolve bodies of a foft 


and yielding texture, and fuch as have been 
previoufly triturated; while thofe of others, 
as ferpents, the heron, birds of prey, the 
dog, decompofe fubftances of great tenacity, 
as ligament and tendon, and of confiderable 
hardnefs, as the hardeft bone. Man belongs | 
to this divifion; but his gaftric fluid feems to 
have no a&ion on the hardeft kind of bones. 
Further, fome {pecies, as birds of prey, are. 
incapable of digefting vegetables. But Man, 
the dog, the cat, crows, &c. diffolve the 
individuals of both kingdoms alike. In ge- 
neral thefe juices produce their effe&s out of 
the body, as the numerous inftances of in- 
cipient digeftion under this circumftance, © 
both with the gaftric fluid of animals and 
Man abundantly thew. ) “al 
ccxix. Having thus brought into one 
point of view the principal circumftances re- 
lative to the efficient caufe of digeftion, let 
us 
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| us compare them with what has been mot 
plaufibly written upon this topic fo intereft- 
ing to the phyfician. The opinion that pre- 
vails chiefly in the {chools of Europe i is that 

advanced by Boerhaave, who has in truth 
done nothing but reconcile the opinions that 
had been propofed at different times before 
him. He obferves, in the firft place, that 
the various folid and fluid fubftances which 
ferve for food, being received into a. clofe, 
moift, and warm vefiel, muft, according to 
the nature of each, fooner or later begin to 
ferment or putrefy. There are alfo various 
fluids continually running into the cavity of 
the ftomach, viz. the faliva, the cefophageal 
liquor, that thin tranfparent fluid which is 
fecreted by the gaftric arteries, and. a vifcid 
humour fecreted by glands in the ftomach. 
If we confider the properties of thefe i ingre- 


dients, and moreover take into the account. 


the remains of the food which ferve as a 


ferment, the air which produces an inteftine | 


movement of the integrant parts, the heat 
which excites this heterogeneous mafs, we 
fhall find, that the aliment will be macerated, 
diluted, attenuated, diffolved, determined to 
‘anincipient fermentation, and in fhort, im- 
preffed with the primary principle of vitality. 
Thus it is that Boerhaave explains the di- 

Wat. U geftion 


ta * 
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geftion of foft food. With refpect to that. 
of a firmer texture, imagining, that the caufes 
above recited are infufficient to explain the 
digeftion of them, he has recourfe to the tri- 
turating power of the ftomach, produced by 
the action of the mufcular coat, and the pul- 
fation of the aorta and the other adjacent ar- 
teries; the nervous fluid, which perhaps flows 
into the ftomach more copioufly than eHe- 
where; and laftly, the continual and ftrong 
compreflion of the diaphragm and abdominal 
mufcles. In confequence of thefe additional 


caufes, the food in the firft place, will be 


broken down into a pulp, and acquire a ci- 


| neritious hue; fecondly, the fibres, tendons, 


cartilages, &c. will be deprived of their 
juices while they retain their cohefion ; thirdly, 


from vegetable and animal. fubftances thus 


diffolved, will be produced a fluid ess e 
thofe of the human body. - 

ccxx. Thus has this celebrated phyae 
cian explained his ideas concerning digeftion 
in his Inftitutions.' He fuppofes, that there 
are two principal agents in this vital function, 
viz. the different fluids that are collected in 
the ftomach, and the mechanical action of | 
that organ; the fecondary agents are heat, 
air, the nervous fluid, the remains of the 
food, and an incipient fermentation. 


With 
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With refpe& to the gaftric fluid, his ideas 
were indeterminate and unfettled. On com- 
paring this paffage with his Prale&ions it 
will appear, that-he conceived that it a&ed 
in the folution of the food like a fimple di- 
luent, as water heated to the fame degree. 
But fa&s without number related above fhew, 
that it does not a& in this manner, but as a 
real folvent. That the folution is more . 
{peedy and effectual than that obtained by 
| mere water, appears from experiments equally 
numerous. Moreover, this fluid does not 
diffolve foft and yielding fubftances only, but 
- the hardeft and moft tenacious, et to 
Boerhaave’s opinion. | 
With refpect to trituration, the attentive 
. reader will eafily anticipate my anfwer. How- 
ever remarkable the effects produced by the 
mechanical a&ion of mufcular ftomachs may 
be, intermediate and membranous ftomachs 
have no fuch power. Ihave made particular 
obfervations on the ftomach of the dog, which 
fo nearly refembles that of Man, and it ne-. 
ver appeared to have any motion fufficient to 
break down the food. This was not only 
proved by thin tubes receiving no injury, but 
by infpection of the ftomach during the time 
of digeftion (cxc1x, cc). The reader will 
find fimilar proofs taken from the effe&s pro- 
Da duced 
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duced by my own ftomach, in the ccixth 
and ccxth paragraphs. Thefe direct argu- 
ments fhew the infufficiency of the Boerhaa- 
vian hypothefis. It is befides eafy to fhew its 
| falfity, by examining the foundation on which 
it refts. He deduces the triturating power. 
from the action of the mufcular coat and the 
contiguous parts; but this coat is fo thin in 
membranous ftomachs, that its effects mult 
needs be inconfiderable. Nor is the pref- 
fure of the adjacent parts of much importance, 
at leaft in the cat and dog; for upon opening 
the abdomen and feeling the ftomach, I per- 
ceived nothing but the pulfation of the arte- 
ries, as I had before done in fome birds with 
mufcular ftomachs (xxxviit). But this pul-. 
| fation does not comprefs the ftomach. I 
likewife perceived by my touch, that this 
vifcus is affected by the vibrations of the 
neighbouring arteries; but the effects of thefe 
vibrations are not more confiderable than the 
pulfation of its own arteries. The whole . 
ftomach was lifted up, and depreffed by the 
motion attending refpiration. The periftal- 
tic movement was alfo general in fome cafes; 
but ‘the former did not produce contraction, 
and the contraction produced by the latter 
was gentle, and incapable of triturating the 

aliment. 
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aliment. It,could only agitate, and fo dif- 
pofe it to be more readily diffolved. 

ccxxt. Heat, I readily agree with Boer- 
haave, in confidering as a co-operating caufe. 
_ My experiments prove its great importance. 
Though the gaftric fluid is not inflammable 
(LxxxI, CKXIII, OXLIX, /CLXXXV; CERNT), 
yet it is difpofed by warmth to infinuate itfelf 
into digeftible fubftances, and reduce them 
to shat: gelatinous matter which ferves imme- 
diately fornutriment. The fame obfervation 
is applicable to menftrua in general. 

I willingly admit, that particles of air, | 
while they are extricated from the food among 
which they are entangled by means of the fa- 
liva, contribute to its more {peedy folution. 

But I cannot fo readily allow, that digef- 
tion is promoted by the nervous fluid flowing 
copioufly into the ftomach; for its very ex- 
iftence is uncertain, and the hypothefis is al~ 
together without foundation. 

Much lefs can I grant, that the remains 
of the aliment ferve any fuch purpofe as he 
afcribes to them. The great Haller juftly 
obferves, that our appetite and digeftion are 
good only when the ftomach is empty (a). I 
have had feveral opportunities of feeing this 


(a) Phyf. SF. 6. | 
U 3 confirmed, 
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confirmed. When I feda crow, a heron, or 
a falcon fparingly, the ftomach would be 
empty in fix or feven hours; when they would 
take food again very greedily and digeft it 
completely, as I found upon opening se dn 
mach. 

Whether an incipient fermentation contri. 
butes to digeftion, according to the opinion 
of this writer, is a queftion which fhall be 
examined at fome length in the following difw 
fertation, as it has been the fubje& of many 
modern experiments. | 

Laftly, I muft again differ from him with 
refpe& to fibres of fleth, membrane, tendon, - 
cartilage, bone, which, in his opinion, are 
not digefted è in the human ftomach, but only 
have their juices expreffed; for the experi- 
ments I made on myfelf prove, that the folid 
parts are really diffolved, if we except only 
the hardeft bones (ccv, coeviti, cexi; 
CCXIII, CcxIv), - As Boerhaave endeavoured 
to reconcile the various opinions of phyficians 
concerning digeftion, he feems inclined to 
adopt in fome meafure the notion.of thofe 
who fuppofe, that the oftice of the ftomach 
confifts in extracting the juice of animal and 

vegetable matters, among whom Mr, Hec- 
quet has particularly dira himfelf, 

And a note to the paflage, in which he ob- 
ferves, 
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| ferves, that the ftalks of hay are fill vifible 

in the dung of the horfe and the ox, notwith- _ 
ftanding it is chewed fo often by the latter, 
ftill more clearly explains his idea. I con- 
fidered it as of great importance to enquire, 
whether the fame thing happens in animals 
belonging to other clafles, which was really 
the cafe in fome. We have feen, that the 
two fpecies of crow above-mentioned are both 
granivorous and carnivorous. I fometimes 
fed them with wheat a little bruifed, and 
notwithftanding they feemed to eat it greedily, 
their excrements confifted of dry fragments 
of this grain. This likewife happened when 
they had eaten tough flefh. If I put the 
excrement in water and fhook it brifkly, the 
greater part would be fufpended, but a little 
would fall to the bottom; this, upon exami- 
nation, proved to be ere cellular fubftance 
witha few mufcular fibres, of which the par- — 
ticles cohered pretty firmly; the longeft 
pieces meafured about an inch. What re- 
mained fufpended in the water was more than 
twice as much as that which fell to the bot- 
tom, and {till retained the characters of flefh. 
Young crows, which digeft more {peedily 
than the adult (LxIx), do not completely di- 
geft tough meat. I could eafily find cellular 
fubftance among their excrement; but when 
U 4. inftead 
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inftead of hard they were fed with tender 
flefh, and with fome foft vegetable inftead of 
wheat, the excrement did not thew the leaft 
appearance of this fort. 

Ccxxli. I made the. fame obfervation 
upon frogs. As thefe animals generally feed 
upon infects, I often found among the excre- 
ment, when treated.iin the way juft defcribed, 
legs, thighs, and wings. of locufts, and the 
cruftaceous parts of other infeéts. | 

Leuwenhoeck, ‘upon examining the excre- 
ment of the melvel, found, ‘that it confifted 
of filaments refembling the hairs of the beard 
cut off by the razor; thefe filaments he fup-. 
pofed to be: the undigefted remains of the 
fifhes which the melvel had eaten (2). Ican 
ealily believe this to have’ been the cafe, ef- 
pecially as it coincides with an obfervation 
of my own upon the excrement of the tench, 
in which, though I could not perceive any 
flefhy fibres, yet the fragments of bone were 
 ditin&ly vifible. I muft however add, that 
though I have examined the foeculent mat- 
ter of many other fifhes with glaffes of vari- 
ous magnifying powers, I could never dif- 
tinguifh the leaft atom that had the charac- 
ters of animal or vegetable matter. I have 


(a) Philof, Tranfa@&, n, 152, 1683. 
obferved . 
n 
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~ ebferved the fame thing in that of no&urnal 
and diurnal birds of prey. The tough fleth, of. 
which a fmall part was voided along with the 
excrement of crows (CCXXI), is entirely di- 
gefted by the eagle, falcon, and owl. This 
obfervation may be extended to a multitude 
of birds of various kinds, of which, though. 
I have preferved the names in my journal, to 
avoid prolixity I forbear to enumerate them. 
‘Serpents, though fo flow of digeftion, dif- 
folve their food fo completely, that nota vef- 
tige of any organized matter appears in their 
excrements. This at leaft I have feen invi 
pers, water and land-{nakes. | 
~ Upon comparing my obfervations upon ex- 
crement with thofe related by Boerhaave and 
others, I think it muft be concluded, that 
confidering animals in general, fome fub- 
{tances of both kingdoms are voided un- 
changed along with their excrements, be- 
caufe the gaftric fluid is incapable of dif- — 
folving them; but others are voided un-. 
changed, only becaufe they do not continue 
long enough in the ftomach to be digefted. 
This is fully proved by my experiments on 
flefh, membrane, tendon, and bone, the very 
fubftances of which Boerhaave fuppofed, 
that the folid parts were indigeftible. Hlefh 
taken fpontaneoufly by crows, part of which 
1S 
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is voided undigefted, but when kept many 
hours in the ftomach is completely diffolved, 
furnifhes another decifive proof of the fame 
propofition. | | 

It is furely not neceffary to add, that I do 
not with by thefe ftri€tures to leffen the high 
reputation of the Dutch Hippocrates. Un- 
provided with experiments of his own, he 
collected the opinions of others, and framed. 
a fyftem concerning digeftion fo ingenious 
and plaufible, that I willingly own that I 
formerly adopted it,‘ and would not now re- 
ject it, if I was not compelled by conclufive - 
experiments. 

cexxIII. I will conclude this differtation, 
with fome remarks on a problem clofely con- 
nected with refearches concerning the effici-. 
ent.caufe of digeftion. Mr. Hunter, one of 
the beft Englith anatomifts of the prefent 
age, frequently found in the dead bodies which 
he opened that the great curvature of the fto- 
mach was confiderably eroded, and fometimes 
entirely diffolved. In the former cafe, the 
edges of the wound were as foft as half-di- 
gefted food, and the contents of the ftomach 
had got into the cavity of the abdomen. He 
obferves, that fuch a wound could not have 
exifted in life, as it had no conne&ion with 
| the difeafe, and more frequently appeared in 
perfons © 
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perfons who died violent deaths. In order 
to difcover the caufe of this phenomenon, he 
examined the ftomachs_ of various animals, 
both immediately and fome time after death. 
In feveral he obferved the fame appearance. 
Hence he thought he was enabled to affign - 
the caufe. ur fuppofes the folution to he 
owing to a continuance of digeftion after death, 
and hint the gaftric fluid is capable of dif- 
folving the ftomach when it has loft its vital 
principle. From this difcovery he infers, 
that digeftion neither depends on the action of 
the ftomach nor on heat, but on the gaftric 
juices, which he confiders as the true men- 
ftruum of the food (a). 
ccxxiv. When Mr. Hunter’s fhort but 
fenfible paper came to my hands, I was en- 
gaged in experiments on digeftion. I had 
difcovered the primary importance of the gaf- 
tric fluid in this procefs, and that it acts out 
of the body; thatis to fay, in the dead body. 
I knew alfo, that after death this fluid iffues 
from the coats of the ftomach. From thefe 
data I had little difficulty in believing the fact 
related by the Englith anatomift, and adopt- _ 
ing his explanation of it: neverthelefs it was 
proper to repeat the experiment. Being un- 


(2) Ph. Tranf, 
provided 
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provided with human fubje@s, I had re-. 
courfe to animals. Some were opened fooner, 
and others later after death; but among the 
numbers I infpected, not one had its great 
curvature diffolved, or much eroded. I fay, 
much eroded, becaufe I have often feen a. 
little erofion, efpecially in different fifhes, in 
which, when I had cleared the, ftomach of 
its contents, the internal coat was wanting. 
The injury was always confined to the infe= 
rior part of the ftomach. If thefe facts are 
favourable to Mr. Hunter, a great number 
are again{t him. ‘They do not however de- 
ftroy his obfervations; mine are only nega- 
tive, his are pofitive; and we know that a 
thoufand of the former do not deftroy a fingle 
one of the latter, provided it is well afcer- 
tained. I have no reafon to diftru(ft Mr. 
Hunter, for his paper has the air of inge- 
nuoufnefs and candour which ufually accom. 

panies truth. e 
ccxxv. The ill fuccefs of my experi- 
ments did not induce me to abandon the idea 
of digeftion after death, it only led me to 
confider it in another point of view. If it 
| be true, faid Ito myfelf, that the gaftric fluid 
exerts its action after death, it muft produce 
fome folution of the food. Let then an ani- 
mal be fed and immediately killed, after fome 
time 
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time let it be opened, and let us fee whether 
the food has been at all digefted. I deter- 
mined to bring this obvious inference to the 
teft of experiment; I therefore kept a raven 
fafting feven hours in order to empty its fto- 
mach, and then fet before it an hundred and 
fourteen grains of beef, which were imme- 
diately eaten, and muft have paffed into the 
ftomach, as this bird has no crop. I then 
killed it, and as it was winter, put it into a 
ftove, where it was left fix hours. Sup- 
pofing this to be a fufficient time for the gaf- 
tric fluid to exert its a&ion, I opened the fto- 
mach, and found the flefh in the following 
ftate. It was impregnated with  gaftric 
fluid, and was become tender; the colour 
was changed to a pale red, and the furface 
had a bitter tafte, while the internal parts re- 
tained the tafte of flefh. After the gaftric 
fluid was wiped away, it weighed only fifty- 
two grains; it had therefore loft above half 
its weight in fix hours, or, what amounts to 
the fame thing, was above half digefted. 
The pylorus, and the duodenum for about 
an inch, were occupied by an afh-coloured 
mucus, which muft have been the diffolved 
part of the flefh. | 

At the fame time I gave another raven, that 
had in like manner been kept fafting feven 

hours, 
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hours, an equal quantity of flefh, and killed 
it in two hours and a quarter. My view was 
to obferve the difference between what had 
lain fix hours in the dead, and two and a quar- 
ter in the living ftomach, and it was very 
great; for in this latter cafe the fleth was to- 
tally diffolved, except a little cellular fub- 
ftance, which I have found to be always 
longer in being digefted than the mufcular 
fibres; the mucus was the fame as before, 
only in larger quantity, and occupied more 
of the duodenum. Thefe two experiments 
compared together prove two things, firft, 
that digeftion continues after death; and fe-. 
condly, that it is then far lefs confiderable 
than in the living animal, though in the pre- 
fent inftance the heat of the ftove, which was 
about 100° (4), mutt have promoted it not a 
little. The heat of the living raven did not 
exceed 30° (0). 

ccxxvi. Another dead raven was kept 
five hours in the fame ftove, after I had forced 
two dead lampreys, weighing together an 
hundred and twelve grains, down its throat. 
One lay in the cefophagus, the other had 
reached the ftomach and was completely de- 


(a) Two hundred fifty-feven deg. Fahr. Ther. 
(5) One hundred nine and an half ditto. 


compofed, 
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_compofed, while the former was indeed en- 
tire, but foft and flaccid. This accident 
proves, that the gaftric fluid is capable of pro- 
ducing a fenfible degree of digeftion at a time 
when the cefophageal juices are inert. 

ccxxvit, Thefe experiments were made. 
in winter. I determined to repeat them the 
next fummer, becaufe then I could expofe 
the dead animals to a greater heat. Accord- 
ingly in that feafon fome bruifed veal was 
given to two ravens, which were immedi- 
ately killed, and left feven hours in a window 
 expofed to the fun. We have already feen 
in feveral paffages, the influence of heat 
in promoting artificial digeftion (cxLII, 
CLXXXVI, CCI, ccxvit). Nor did it now 
appear lefs confiderable. Each raven had 
eaten fixty-eight grains of flefh, of which 
there was not an atom left entire; it was all 
diffolved into the ufual gelatinous pulp, and 
the greater part had paffed through the py- 
lorus. | 

Thefe facts, I think, decifively prove, 
that animals, at lea the fpecies juft men- 
tioned, continue to digeft after death. If 
we confider the matter rigoroufly, it will be 
proper to obviate a difficulty that may be 
| ftarted, However careful we are to kill 
the 


a4 RISO er ae goa: oy, 


the animal immediately after it has fwallow- 
ed food, it is certain, that there will be a 
fhort interval between the time the food gets 
into the ftomach and the death of the animal, 
and that the gaftric fluids a& upon it du- 
ring this interval. Moreover, after death 
they will act for fome time juft as in life, 
fince the vital heat is not inftantly exftin- 
guifhed. “The digeftion therefore obferved 
in dead animals may, if not entirely, at 
leaît in part, be produced: by the gaftric 
fluid acting during life, and a fhort time 
after death. 

Nothing could be more oil than to afcer- 
tain the juftnefs of this fufpicion, fince we 
have only to thruft a little food into the fto- 
mach of a dead and cold animal, and obferve 
the confequence. I made the experiment 
upona raven that had been dead an hour, and 
had now only the temperature of the atmo- 
{phere. Forty-two grains of beef cut into 
pieces were forced into the ftomach, which 
was opened after the bird had lain feven hours 
expofed to the fun. And here infteadof pieces 
of folid flefh, I found only the ufual pulpy — 
mafs, partly in the ftomach and partly in the 
duodenum. The folution was therefore ef- — 
fected by the gaftric fluid, independently of 


the powers of life. 
: CCXXVIII, 


/ 
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ccxxviil. Thé experiment was repeated 
upon an owl and a blackbird, which were 
killed immediately after meat had been given 
them, and left feven hours in a warm tem- 
perature. The flefh given to the black-bird 
had been cut into three pieces, which to- 
gether, amounted to eighty-two grains; ‘the 
owl had fwallowed half an ounce and fix 
grains in one piece. Upon, opening the 
ftomachs; I found the four pieces; but the 
furface was covered with a ftratum of mu- 
cus, which fhewed, that the flefh had been 
diffolved. | | 

I thought, that perhaps if the fleh-had re- 
mained a longer time in the ftomach it would 
be more digefted; but this did not happen, © 
at leaf when I repeated the two preceding 
experiments under the fame circumftances, 
except that the birds were expofed to the fun 
for twenty-two hours, I could not perceive, 
that the folution of the flefh was carried any 
further. The entrails emitted a putrid {mell, 
but this was not the cafe either with the fto- 
mach or its contents. , 

ccxxix. That I might be warranted in 
deducing general confequences, I refolved to 
repeat this fingular experiment upon various 
claffes of animals, and therefore had recourfe 
to fifhes and quadrupeds. Of the former, 

xX 
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the fifh-market at Pavia only affords the pike, 
carp, barbel, tench, eel, and the like; but I 
took care to procure fuch as were very frefh. 
I introduced into the ftomach various animal 
fubftances, as little fithes, bits of veal and 
beef, frogs, grubs, &c. and opened them af- 
ter an interval, fometimes fhorter and fome- 
times longer. I will give in a few words 
what is fet down at great length in my Jour- 
nals. The part of thefe fubftances that lay 
in the cefophagus, a pofition which they of- 
ten had, was unaltered; this was fome- 
times the cafe with that which had got into 
the ftomach, but it was generally more or 
lefs eroded. A circumitance refpecting frogs 
deferves to be mentioned. The tough fkin 
of thefe animals was often deftroyed, efpe-_ 
cially at the bottom of the ftomach; and 
where it ftill remained it was fo much foft- 
ened, that the flighteft force was fufficient 
to lacerate it. Hence it appears, that the 
gaftric fluid of fifhes retains its property of 
diffolving flefh, but in an inferior degree 
to that of birds, fince it did not diffolve fo 
much. i 
ccxxx. The quadrupeds upon which I 
made thefe experiments, were dogs and cats. | 
After keeping them fafting many hours, I 
gave them a’certain quantity of flefh, and 
| then 
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then ftrangled them without delay. Of three 
dogs and three cats, two of the former and 
as many of the latter were expofed to the fun 
for nine hours; the others’ were left in the 
fhade. Inthe firft the furface of the flefh 
was gelatinous as ufual, but in the laft this 
appearance was fcarce perceptible. Thete 
experiments confirm the utility, I fhould ra- 
ther fay, the neceflity of heat to digeftion in 

many animals. 
ccxxxI. To conclude this curious en- 
quiry, I refolved to fee what change would 
take place upon flefh when the ftomach was 
taken out of the body. I made this experi- | 
ment upon a cat, a raven, and an owl. ‘Hav- 
ing fed them fparingly, I cut out the fto- 
amach, and threw ligatures round the cardia 
and pylorus to prevent the contents from get- 
ting out. They were expofed to the fun in 
a veflel of water, left the heat fhould dry 
them. In five hours and an half they were 
opened: the water had tranfuded through the 
coats; the furface of the flefh was a little 
gelatinous, efpecially in the ftomach of the 
raven and owl; but the folution was trifling, 
in comparifon with that which took place 
when the ftomach was left in the body. This 
was what might be expected, when the ceto- 
Py Gab phagus 
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phagus no longer poured its liquor into the 
ftomach. 

In thefe experiments I did not perceive any 
erofion of the ftomach, any more than in 
thofe made with the view of verifying Mr. | 
Hunter’s (ccxxiv). I only faw what I had | 
feen before. (ibid), a flight excoriation of | 
the inferior part. We muft therefore infer, | 
that the coats of the ftomach fuffer lefs after 
death than flefh introduced into it. I gave 
an hungry dog fome pieces cut out of the 
ftomach of another dog; he eat and it killed | 
him immediately. After the body had lain | 
in a warm fituation nine hours, the ftomach | 
was opened. The pieces were fenfibly dif | 
folved, but no change was produced upon 
the ftomach of the animal, if we except the 


large curvature, which was fo much mace- 


rated, that the villous coat might eafily be 
rubbed off. It is, I think, not difficult to | 


_aflign the reafon, why the ftomachs of dead | 


animals are not liable, like their contents, to | 
be diffolved. Thefe bodies are invefted on | 
all fides by the gaftric fluid, whereas it acts” 
only on the intend furface of the ftomach. — 
. Upon reviewing the experiments related in | 
the ccxxvth and following paragraphs it 


cannot, I think, be doubted, that digeftion 


goes” 
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‘goes on for fome time after death. I there- 
fore entirely agree fo far with the celebrated 
Englifh anatomift, but I cannot with him 
fuppofe, that this fun&ion is independent of 
heat (cexx111); numberlefs facts related in 
this work fully prove the contrary. 


3 
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WHETHER THE FOOD FERMENTS IN THE | 


’ STOMACH, 


~ 


CCXXXII. T WILL now, agreeably to my | 


promife in the foregoing dif- 


fertation (ccxx1), enquire whether the food 


ferments in the ftomach. This opinion was 


almoft univerfally adopted by phyficians about 
the middle of the lat century, an era at 
which the explanation of the various func- 
tions of the human body was fought in fer- 


mentations of various kinds, as it had be- 
fore been in a fubtile matter, as it had Geen 


been in electricity, and is at prefent in divers 


| forts of elaftic fluids. This notion was af- 


terwards combated among others by Boer- 
haave, who found, by direct obfervations, 


that this multiplicity of fermentations did 


not 
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‘not exift in nature, but was merely the fug- 
geftion of fancy. Of the numberlefs modi- 


fications of this procefs, which phyfiologifts ee 


had imagined, he admitted only that very li- 
mited and imperfect one, which, according 
to him, takes place in the ftomach. The 
food in the ftomach of animals, and parti- 
cularly of Man, is, in his opinion, in cir- 
-cumftanees highly favourable to fermenta- 
tion. The faliva and the gaftric fluid ferve 


inftead of water; the free accefs of air, the Qi 
clofenefs and heat of the ftomach, the nature © 


of the food itfelf neceffarily produce fermen- 
tation, as is farther evident from the eruc- 
tations confequent upon taking food, and 
the rumbling noife frequently heard in the 
belly. But the fhort continuance of the food 
in that vifcus, and other caufes, prevent the . 
procefs from being ever carried to its utmoft 
pitch. | | 
‘ cexxxiti1. Thus far only, according to 
Boerhaave and his followers, does the fer- 
mentation of the food proceed in the fto- 
mach. This limitation has been thought 
too great by Dr. Pringle and Dr. Macbride, — 
two celebrated modern phyficians. They 
find no difficulty in fuppofing, that a com- 
plete fermentation takes place in digeftion, 
and that it is the chief agent in this ympor- 
xe. sant. 
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tant function. . In their refearches on this | 
© dabjett, they have endeavoured to imitate the | 
a of nature out of the body. They | 
took various animal and vegetable fubftances, | 
fuch as are ufed every day for food; they | 
| placed them both by themfelves, and mixed 
with feveral other fubftances ina warm tem- | 
perature, adding a quantity of water or fali- | 
va. Under thefe circumftances they found, 
that they fooner- or later began to ferment; 
that this procefs. afterwards ran very high, 
then abated, and at laft ended in the decom- 
pofition of the feveral fubftances, which ac- 
quired alfo a fweet tafte. Thefe different 
gradations of fermentation were evident from 
the fwelling, rarefaction, and inteftine move- 
ment of the mafs, from the generation of a | 
multitude of air-bubbles, and from the fub- | 
ftances which at fir& funk to the bottom, at | 
length floating on. the furface of the fluid, | 
‘Fhefe experiments fir made by Pringle, and 
afterwards repeated and varied by Macbride, 
determined them both to comfider digeftion as 
a procefs merely fermentative. Their theory 
is as follows. The food divided by maftica- 
tion and penetrated by the faliva, begins as. 
foon as it gets into the ftomach to be agitated | 
by that inteftine movement which always 
accompanies fermentation; this moyement 
| 1S 
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is excited’ by the warmth of the place, by 


the remains of food taken before, by the gaf-. 
tric fluid, and above all by the faliva, which 


is particularly adapted to produce and pro- 


ET 


mote this procefs. The firft effect of the in-. 


teftine commotion will be to raife the folid 
parts of the aliment to the furface of the gaf- 
tric liquor; here they will be fuftained for 
fome'time by the air-bubbles; but on their 
ceffation they will fall down again and be tho- 
roughly incorporated with the fluids of the 
ftomach. ‘The periftaltic motion, the alter- 
nate preflure of the diaphragm and abdomi- 
nal mufcles, and the continual pulfation of 
the adjacent large veflels will render this mix- 
ture ftill more complete. In fuch a ftate the 
food paffes into the {mall inteftines, where 
the fermentative motion produces {till greater 
changes in confequence of the mixture of the 
bile and pancreatic juice. And now the va- 
rious kinds of food are changed into a {weet, 
mild, nutritious matter, which ferments 
brifkly, and is denominated chy/e. In con- 
formity with this theory, thefe phyficians 
eftablifh a new fyftem of great importance, 
according to them, in the practice of medi- 
cine. It is ingenioufly explained by Pringle, 
in his Appendix containing Experiments on 
{ceptic and antifeptic Subftances, and by 

Macbride 


\ 
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Macbride in his experimental Effays on the 
Fermentation of alimentary Mixtures. 
ccxxxiv. The opinion of thefe two mo- 
dern writers have been adopted by many phy- 
fiologifts, while others have ftill adhered to 
the doctrine of Boerhaave, concerning an in- 
cipient and incomplete fermentation only 
taking place in the ftomach; fo that on this 
fubje& the phyficians of Europe feem to be 


divided into two fe&s. When I read Pringle — | 


and Macbride, I had only made a few expe- 
riments on the digeftion of fome animal and 
‘vegetable fubftances enclofed in tubes by gal- 
linaceous birds (xxxix, XL, XLI, XL II, 
XLi11); and I began to perceive, that the 
gaftric juice aGed as a menftruum upon the 
food. But I could not learn from thefe ex- 
periments, whether fermentation takes place 


at the time they are diffolved. As indeed the — 


gaftric fluid is a folvent, it may act indepen- 
dently of fermentation; chemiftry affords 
numerous inftances, in which there is no to- 
ken of fermentation during the diffolution of 
the folvend. But there is no abfurdity in 
iuppofing, that an inteftine fermentative mo- 
tion is generated in the mixture, at the time 
the gaftric fluid diffolves the aliment. And 
in this cafe, fermentation would accompany 


digeftion, though it would not according — 


e to 
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to the doctrine of Pringle and Macbride 
(ccxxxli1), be the efficient caufe. In order 
to obtain information concerning this phe- 
nomenon which I had not noticed, I had re- 
courfe to further experiments. As the theory 
in queftion is entirely founded on the fermen- 
tation of animal and vegetable matters in vef- 
fels, I fet in glafs phials bread, flefh, and 
faliva; bread, flefh, and water; flour, faliva, 
and flefh; for in thefe mixtures the writers 
above-mentioned obferved’ the moft rapid 
fermentation. The phials were ftopped, and 
fet in a place where the heat amounted to 
20°---24° (a). The mixtures began, fome 
fooner and others later, to emit air-bubbles, 
which foon encreafed in frequency and fize; 
the furface of the liquor was covered with 
froth, which continued as long as any air was ~ 
generated, During this time the mafs {welled 
greatly, the inteftine commotion: was mani- 
feft, and the fubftances immerfed being made 
(pecifically lighter by the air-bubbles that 
adhered to them and the increafe of bulk, 
rofe to the furface of the fluid.. Here then 
the tokens of fermentation were apparent, 
and fo far I entirely agree with Pringle and 


Macbride. 


‘. (a) Seventy-feven and eighty-fix deg. of Fahr. Ther. 
| ccxxxv. But 
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ccxxxv. But found logic forbade me to 
allow fo readily, that the fame procefs takes 
place in the ftomach. I had indeed many 
reafons for with-holding my affent. Not to 
mention the fhort. continuance of the food in 
that vifcus, a circumftance which did not © 
efcape Boerhaave (ccxxx11). I confidered, 
that although the faliva produces and pro- 
motes fermentation, the gaftric fluid may not 
have this property. Though the gaftric fluid 
confifts in part of faliva, yet as there are fe- 
veral other ingredients, a compound muft be 
formed with properties different from thofe 
of its conftituent parts. I have adduced many 
inftances to prove, that the gaftric fluid re- 
tains in fome meafure its folvent power out 
of the body; but the faliva never exhibited 
any fuch property. I have already fhewn, 
and fhall {till more clearly fhew in the fequel, 
that fleth immerfed in the gaftric fluid is not 
liable to putrefa&ion; but when put into fa- 
liva, it putrefies fooner than in water. This 
was one of my motives for not immediately 
adopting the ideas of Pringle and Macbride, 
It were to be wifhed, that thefe phyficians 
had made trial of the gaftric liquor alfo, be- 
fore they concluded, that what they obferv- 
ed in veflels takes place likewife in the fto- 
mach; nor can I well conceive, how they 


both 
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both came to overlook a circumftance of fo 
great importance. Moreover we know, that 
reft is neceflary to fermentation ; but the fto- 
mach, befides the motion of the whole body, 
has a movement peculiar to itfelf. Laftly, 
‘ {hould fermentation once begin, it muft in 
all likelihood be foon ftopped by the frefh fa- 
liva and gaftric liquor that are running per- 
petually, and in no {mall quantity, into the 
ftomach. Thefe two laft objections have 
been already ftarted, though nobody, as far 
as I know, has taken the pains of verifying 
them by experiment. But as the queftion 
could be decided in this way only, I deter- 
‘mined to undertake to fupply the omiffion. 
coxxxvi. I have already fpoken of ar- 
tificial digeftion in feveral paffages. Experi-. 
ments of this kind afforded me an excellent 
opportunity of obferving, whether the folu- 
tion of flefh cut of the body was accompa- 
nied by fermentation, and I never failed in a 
fingle inftance to attend to this circumftance. 
I found, that when the veffels remained at 
reft, a few fmall air-bubbles began to arife 
in the fpace of a few hours; they afterwards 
became larger and more frequent, and adhe- 
ring to the immerfed fubftances, caufed them 
to rife to the furface of the liquor, This air 
was either entangled in the mixture, or, ac- 


cording 
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cording to Pringle and Macbride, formed 
part of it, was extricated, and rendered ela{- 
tic by the heat, or what feems more probable, 
came from both thefe fources. The mix- 
tures either funk again or continued to float, 
while they were diffolved by the gaftric men- 
ftruum; not the flighteft inteftine motion 
was ever perceptible, juft contrary to what 
happens when faliva isemployed. If I now 
and then fhook the veffel a few hours after 
making the infufion, very few air-bubbles 
were generated, and the mixture hardly ever 
rofe to the furface, though it was juft as 
well diffolved as when the veffel remained at 
perfect reft. I find in my Journals, that I 
agitated the veflels upon fourteen different oc- 
cafions without obferving the f{malleft diffe- 
rence in the refult of she experiment. I 
could not therefore allow, that fermentation 
was the efficient caufe of thefe artificial di- 
geftions, nor even that it was a concomitant 
circumftance, or an effect; and frefh experi- 
ments inclined me more and more to reject 
this opinion. I have already mentioned the 
great abundance of gaftric fluid in crows, and 
the facility with which they digeft their 
food, more efpecially neftlings (LxIx, 
LXXXIII). Among the various trials I 
made with this fluid out of the bédy, I en- 

| deavoured 


_ 
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_ deavoured to renew it, as it is renewed in the. 
ftomach. Several glafs tubes were filled with 
it to a certain height, and fufpended ina ver- 
tical pofition; into the upper extremity a 
{mall funnel was put; fome gaftric fluid was 
poured into it from time to time, the nar- 
rownefs of the orifice of the funnel allowed 
it to fall only drop by drop into the tubes. 
The lower extremity of the tubes was not 
clofely ftopped, that nearly as much might 
run out below as fell in from above. Mat- 
ters being thus arranged, I immerfed in the 
tube fleth and bread, both by themfelves 
and mixed together. The folution was ex- 
ceedingly fpeedy, on account both of the 
warmth of the atmofphere, and the conftant 
renewal of the gaftric fluid. Notwith- 
ftanding the tubes remained at perfect reft, 
only a few air-bubbles were difcharged; not 
the leaft inteftine motion could be perceived ; 
_ the flefh and bread fell immediately to the 
bottom, and remained there till they were 
gradually incorporated with the gaftric fluid: 
in fhort, they were digefted without a fingle 
circumftance occurring that ufually attends 
fermentation. 
ccxxxvil. If this procefs does not take 
place out of the body, it feems highly impro- 
bable that 4t fhould within; however, to be 
certain 
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certain of this, it was proper to confult the 
fenfes. Is digeftion, according to Pringle 
and Macbride, a fermentative procefs? Let 
us then obferve it while it is going on, fur- 
prize Nature in her operation, and fee in what 
it confifts. With this view, I gave four © 
hens that had been kept fafting twelve hours, 
fome wheat, and in five hours openéd the 
gizzard without killing them. This method 
I praGifed in the following experiments, be- 
ing apprehenfive left opening the animal after 
~ death might not anfwer the end I had in view. 
Both gizzards were full of grains of wheat 
. moftly broken, and mixed with a femifluid 
farinaceous pafte. The orifice of the pylorus 
and great part of the duodenum was full of the 
fame pafte, which had not in this cafe much 
fluidity. Upon examining this pafte, both 
with my naked eye and the microfcope, I 
could not perceive any fign of fermentation ; 
the parts were at perfe& reft, and entirely 
free from air-bubbles. I waited three hours 
longer before I opened the gizzards of the 
other two ducks, in order to fee whether what 
had not taken place at the beginning of the 
procefs, might not have happened when it 
was further advanced. In this cafe, the pafte 
was more diluted with gaftric liquor, and of 


the grains of wheat little was left but the 
| bran; 
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bran; I obferved no more inteftine motion 
or air-bubbles than before. oe 


CCXXxvIII. Mynext experiment was made 


upon three ravens that had not yet quitted 


the neft. Two hours after I had fed them 


with beef, I opened the ftomach of one of 


them. The flefh was half diffolved, but I 


could not perceive any fign of fermentation. 


I made the fame eee onan upon the two 
others, ali vero opened an hour and three 
quarters afterwards, notwithftanding digef- 


| tion was finifhed; for nothing ai in 


the ftomach but a denfe grey fuid, confift- 


~ ing of fleth diffolved in the gaftric fluid. 


Of animals with membranous ftomachs I 


_ examined an owl, feveral dogs, cats, and 
land and water- fnakes, endeavouring always 


to make my obfervations at chio” diftin& 
times, at the beginning, towards the mid- 
dle, and at the end of digeftion. But at no 


_ time did I perceive any tendency to fermen- 


tation. In one dog and one cat only did I ob- 
ferve a few air-bubbles among the food after 


it was completely digefted; but there was not 


the leaft inteftine motion perceptible. Ser- 
pents, which are animals {0 flow of digeftion, 
were well adapted to fhew the progrefs of 
this function; but neither did they form an 
exception to the general obfervation. Thefe 

Yor. I. x facts 
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facts obliged me to reject the opinion of the | 
Britifh phyficians and their followers; not 


do I know whether that of Boerhaave is | 
admiffible, who, while he excludes a com. | 
plete, infers an incipient fermentation from | 


the eru@ations that arife after taking food | 


(cexxxri); but this may be occafioned by 
the rarefaction. of the air entangled among | 
the aliment, by the mere heat of the fto- 


mach. 


tion, the vinous or the fweet, the acetous, 
and the putrid. As they effentially confift iù | 
an inteftine motion excitéd by heat and a pro- | 
"per degree of moifture (2), and as no fuch 


motion can be feen in the food-in the fto- 


mach, it follows, that not even the vinous, | 


much lefs the acetous or putrid takes place in 
digeftion. It remains to be enquired, whe- 
ther this function is-connected with a prin- 


ciple of acidity, as fome fuppofe, or of pu- | 


trefaGion, according to others. I fhall ftate 
the fa&s which appear to favour each of thefe 
opinions. In behalf of the firft, its advo- 
cates adduce acid eructations and vomitings 


from the human ftomach, that difagreeable 


(a) Macquer Di&. Art, Fermentation. 


acid 


| 
| 


ccxxxtx. Modern chemifts have diftin- | 
guifhed three fpecies or degrees of fermenta- | 


| 


f 
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‘acid {mell which is exhaled from the ftomachs 
of granivorous birds and ruminating animals, 
the acetous tafte of .the internal coat; the 
diminution of the bulk of the contents of the. 
ftomach of man and animals, not to mention 
other arguments that may be feen in modern 
phyfiologifts, and efpecially in Haller. 
ccxL. The prodigious number of ftomachs 
I have opened, have afforded me opportuni- 
ties of acquiring full information on this 
point. In animals ftri&ly carnivorous, fuch — 
as birds of prey and ferpents, the food never 
has an acetous tafte, either to the tafte or 
fmell during the time of digeftion, The 
fame obfervation will apply to frogs and fifhes; 
and it may be extended toomnivorous animals, 
fuch as crows, * when they feed upon fleth; 
but the pultaceous mafs refulting from vege- 
tables, and in ‘particular from bread, now 
and then acquire a flight acidity. I have. 
obferved the fame tafte in two dogs, and more 
frequently in herbivorous animals, fuch as 
fheep and oxen; and alfo in thofe which are 
at once en btiotpiac and granivo: fous, Viz. in 
the gallinaceous kind; and in the laft-men- 
tioned clafs, not only the food in the fto- 
mach had an acetous tafte, but that in the 
craw likewife. In the third differtation will 
be found fome inftances of this (cxxxix, 
Xo 2 CEL, 
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CXL, CXLI, CXLIII). With refpect to Man; 
I will relate what has happened to myfelf. 
During the whole month of May and great 
part of June, I eat ftrawberfies with fugar 
and white wine at dinner and fupper. From 
this agreeable mixture I never experience any 
inconvenience in the day-time; but by what 
I eat in the evening my fleep is frequently 
difturbed; the contents of my ftomach rife 
almoft into my mouth, and then fall back 
again, leaving a moft difagreeable four tafte 
woliind: This unpleafant circumftance does 
not, however, prevent me from recovering 
| my reft, and digefting my food perfectly. I 
have befides many times been fubje& to a 
like difagreeable fenfation, after eating too 
much fruit in fummer and autumn. Every 
man muft fome time or other have been fen- 
fible of his meat and drink having turned 

four. 
ccxLI. I was further defirous of knowa | 
ing, whether the acid principle fometimes 
found in the ftomach, is capable of diffolving 
calcareous earth, and fuch other bodies as 
acids a& upon. I accordingly gave fome car- 
nivorous birds pieces of coral and fea-fhells, 
and they were thrown up without any change 
of colour, or diminution of weight. This 
was what might be expected. I next made. 
the 


DA SS ERX ATTO N Va, 925 | 


the fame experiment on a hen and a turkey, 
which were killed in two days. The coral 
and fhells were very much corroded, and the. 
former was reduced to pieces; but a mo- 
ment’s reflection fhewed me, that the corro- 
fion might be owing to the action of the fto- 
mach, a not to an acid. The doubt, how- 
ever, might safily be removed, by enclofing 
the fame fubftances in ftrong metallic tubes. 
The refult of feveral experiments made jn 
this manner was, firft, that the pieces of co- 
ral and fhell were almoft always diminifhed; 
but the diminution fcarce ever exceeded three 
or four grains: fecondly, that’. the ;futfage 
was foftened; and thirdly, that it was turned 
black, efpecially in the oral; 1 immerfed 
at the fame time the fame fubftances in di- 
luted vinegar, and as fimilar effe&s were pro- 
duced, and particularly the black ‘901007, I 
inferred, that the phenomena rofe from a 
like caufe; laftly, I repeated the experiment. 
on myfelf. The tubes were covered as be- 
fore (CCviII), to prevent any feculent matter 
from getting into them, They were all voided 
without inconvenience. When I eat fleh, 
with the addition only of a little bread, the 
fubftances were neither diminifhed nor altered 
in their colour. But upon eating 2 large 
quantity of different vegetables, the coral 
Ya and 
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and fhells were generally diminifhed and dark= 
ened. Thefe fa&s prove the prefence of an 
acid principle in the ftomachs of fome ani- 
mals, and Man himéelf. It is, however, not 
perpetual, but depends on the quality of the 
food. 
ccxLII, This acid foon difappears. E 
| gave feveral gallinaceous fowls fome bread at 
the fame time. The ftomachs were examin- 
ed at different intervals, viz. two, three, three 
and an half, four, and five hours afterwards. 
As long as'the bread preferved i its confiftence, 
it was frequently acid; but as foon as it was 
reduced to chyme this tafte was totally loft. 
Nor could I perceive the leatt fign of it in 
that which had pafled into the duodenum, 
I made upon myfelf the following obferva- 
tion. 
— When the unpleafant acid tafte mentioned. 
above (CcxL) came into my mouth in con- 
fequence of eating ftrawberries, I kept my- 
felf awake twice during the remainder of the 
night. Acid eructations continued to arife 
for fome time; they at lat ceafed; yet from 
a fenfe of we uh I knew, that the contents 
of the ftomach were not ‘entirely digefted ; 
but the flatulence that came from them had 
no longer the flightett acidity. . 
ccxLitl. But 
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ecxLIII. But what produces this acidity 
in the ftomach? Does it come from the gaf- 
tric fluid, or from the food? There are goad 
grounds for rejecting the former, and admit- 
ting the latter of thefe fources.. In the firft 
place, this acidity does not appear on all oc» 
cafions; I never could obferve it arifing from 
flefh. Now if it came from the gaftric fluid, 
why fhould it not be communicated to every 
kind of food, fince every kind is alike impreg- 
nated with it? Secondly, when I eat. vegeta 
bles, the effects of an acid in my flomach \ were 
apparent, but not when I eat flefh (ccexLI), 
Thirdly, when vegetable food is completely 
diflolved by the gaftric fluid, it then lofes all 
| acidity (CCXLI1). Lattly, if acid bread be 
enclofed in tubes and given to a crow, when 
it is thrown up four or five hours afterwards, 
the little that remains uiftead of being four, 
is now turned {weet. 
cexLiv. Notwithftanding thefe di 
that this acidity is not owing to the gaftric o 
fluid, but to the tendency A food EL has 
to turn fout whenever it is ina warm tempe~ 
rature, is it not fuppoted, that this fluid both. 
in Man and animals is of an acid nature È. 
Have not moft of the antient and many mo- 
dern phyficians fubfcribed to this opinion? f 
fhould therefore have incurred the reproach, 
x 4 of 
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of negligence, if I had not undertaken a 
chemical analyfis of it. The gaftric fluid of 
“every animal mentioned in thefe differtations, | 
not excepting my own, was fubmitted to | 
the following experiments. Having taken 
the precautions above defcribed (LXXKT ge 
ccxv), to procure it ina ftate of purity, I 
dropped it upon falt of tartar per deliquium, 
and into the nitrous and marine acids, without 
ever perceiving any change of colour, anymo- | 
tion or effervefcence; whence I was obliged 
to infer, that the gaftric fluid is neither acid 
nor alkaline, but neutral. I thought it 
would alfo be proper to fubje& thofe kinds | 
which could be procured in large quantity, | 
as that of the crow, to the ation of fire; E 
therefore entreated my illuftrious colleague 
and friend, Counfellor Scopoli, to undertake 
the analyfis, as he was not only provided with, | 
the proper apparatus, but eminent for his! 
fkill in chemiftry, of which fcience he is de- 
fervedly public profeffor. He complied with — 
my requeft, and in a few days favoured me 
with the following account. 


Chemical 
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Chemical Analyfis of the Gaftric Fluid of the 
Crow. 


«© The liquor is turbid, and of a darkifh 
colour. When fhaken it emits a fmell rather 
difagreeable. 

When triturated with quick-lime or falt of 
tartar, a fetid urinaus odour is exhaled. 

It does not effervefce with either of the | 
mineral acids. It gives father a green hue to 
fyrup of violets. 

Two drachms expofed to a gentle heat lefe 
a dark.- coloured fediment weighing two 
grains, which attraGed the humidity of the 
air. This refiduum had a naufeous fmell. 
It did not efferyefce with acids. | I 

I next filtered and diftilled it, A dizbifh 
matter was left upon the filter, which, when 
it was dried, appeared in the form of a nut- 
brown powder, of a falt and bitter talte; 

The liquor which patied into the receiver 
was divided into five portions, The firft had 
a flight tafte, and an empyreumatic {mell. 
The fecond had a ftronger tafte and fmell. 
The third, fourth, and fifth refembled the 
fecond, but the lat had the ftrongett “Ya 
reuma, 


The 
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The belly of the retort was almoft en» 
tirely covered with a white faline fubftance, 
which upon being triturated with quick-lime 
emitted a fetid urinous fmell. In the bottom 
there remained a tough dark-coloured fub- 
france, refembling an extra&. It did not ef. 
fervefce with acids; its fmell was empyreu- 
matic, and its tafte falt, bitter, and naufeous, 
This falt is neither acid nor alkaline, for it 
does not effervefce. either with acid or al- 
kalies; but when a little oil of tartar per de- 
liguium is mixed with it, it emits a pene- 
trating urinous odour, exactly like that of 
fal asamoniac, 

From thefe experiments we may conclude, 
that the gaftric fluid contains, firft, pure 
water; fecondly, a faponaceous and gelatinous 
animal fubftance; thirdly, fal ammoniac 5 
fourthly, an earthy matter like that which 
exifts in all animal fluids, ts 

The faponaceous fubftanee altered by fire 
emits that unpleafant empyreumatic fmell, - 

The fal ammoniac being enveloped by the 
foapy matter does not fublime, as it does 
wlien not entangled by other fubftances, 

The gaftric fluid of the crow precipitates 
filver from nitrous acid, and forms luna cor- 
nea. This phenomenon might induce us to 
fuppofe, that common falt exifts in the gaf- 

tric 


> 
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tric fluid; but as the falt contained in this 
fluid is not common falt but fal ammoniac, 
we mutt fuppofe, that the filver is feparated 
from the nitrous, on account of its ftronger 
attraction for the marine acid, which alfo far 
exceeds the attraGion of the volatile alkali 
for the latter acid. | I 

I wifh you would repeat thefe ubferva- 
tions on the gaftric fluid of animals feeding 
only on vegetables, Ifin this alto fal ammo- 
niac fhould be found, we muft conclude, that 
the marine acid is generated by the animal. 
powers; and we might fufpect, that the ma- 
rine acid of fea falt is produced by the ani- 
mals that inhabit the ocean, ‘This is how- 
ever a mere conjecture. | 


Tam, &c, 


ScoPorl.” 


A little after I had received this. account’ 
from my celebrated colleague, I quitted Pa- 
via, to fpend the fummer vacation in my own 
‘country, where I had no opportunity of 
making experiments on the gaftric fluid of any 
animal ftriétly herbivorous, though I earneitly 
wifhed for it. -I obtained, however, fatis- 

factory 
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faGory proofs from the raven, that the ammo- 
niacal falt does not depend on animal food, 
but on the powers of life. I fed five ravens 
for fifteen days on vegetables alone, and then 
by means of {punges procured a quantity of 
gaftric Huid, which I fuppofed would have 
no properties that could be afcribed to ani- 
mal food. When I made with it the expe- 
riments defcribed above, it did not appear 
to be acid or alkaline; it had a falttafte, and 
upon pouring a few drops into a folution of 
filver in the nitrous acid, luna cornea was 
precipitated. There is therefore every rea- 
fon to {uppofe, that if this fluid was diftilled, 
‘fal ammoniac would be obtained; and there- 
fore, that the marine acid is de produ& of 
the animal powers. But whatever we are 
to think either of this or the other ingenious 
conjecture of my colleague, which have in- 
deed little conne&ion with our prefent en- 
quiry, it is certain, both from his experi- 
ments and my own, that the gaftric fluid is 
not either acid or alkaline, but neutral. 
cexLv. But I muft not conceal thofe ar- 
guments which are adduced to prove, that 
there is a latent acid in this fluid, though it 
cannot be detected by any of the ordinary 
chemical means. * It is well known, that a 
fmall. quantity of acid will curdle milk, an 


efteà 


& 


DISSERTATION VI. 333 


effect produced in the ftomach of animals, È 


and of fucking calves in particular, in which 
cafe we cannot fufpect any vegetable acid to 
be prefent; the phenomenon muit, there- 
fore, be attributed to the latent acidity of the 
gaftric fluid. And as it is continually fe- 
creted by the internal coat of the ftomach, 
we cannot be furprized, that this coat in fome 
animals Mould retain the property of curdling, 
milk. This is well known to cooks, who, 
when they have no rennet, take the innermoft 
coat of the ftomach of a fowl and fteep it in 
water; which water, when thus impregnated 
with the juice of the ftomach, will ferve for 
turning milk as well as rennet itfelf. 

Hence fome have fuppofed, that the fto- 
machs contains a latent acid. My firft ftep 
was to afcertain the faét. I therefore tritu- 
rated the internal coat of a hen with water, 
which was thus rendered turbid, and in an 
hour and a half curdled a quantity of milk. 
The fame effe@t was produced by the internal 
coat of other gallinaceous birds, viz. the ca- 
pon, turkey, duck; goofe, pigeon, partridge, 
‘quail, treated in the fame manner. 1 further 
difcovered, that this property belongs alfo to 
intermediate and membranous ftomachs, by 
experiments on that of the crow, heron, birds 
‘of prey, the rabbit, the dog, cat, various 

reptiles, 
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‘reptiles, and feveral fcaly fithes. In theie 
trials the ftomachs wete frefh. I next tried 
dried ohes, chiefly taken from the gallina- 
ceous clafs, which being almoft of the con- 
| filtence of horn, become dry in a very fhort 
{pace, and at the fame time exceedingly 
brittle: The refults were the fame as before; 
Nor did it make any difference; though they 
had been kept ever fo long: I have had for 
three years the internal coats of the ftomach 
of feveral fowls, and upon triturating them 
with water; while I am writing; they curdle 
milk as well as at firft, If they are pounded 
and mixed with milk, they anfwer the pur- 
pole equally well. 
ccxLvI. But is this property confined to 
the internal coat? It was eafy to determine 
this by treating the others in the fame man- 
ner; The nervous coat has this property in 
fome degree, but falls fart fhort of the inter- 
Hel. W hehe! cut into fmall pieces and ma» 
cerated in water; or mixed immediately with 
milk, the effe@ is not {o fpeedily produced, 
nor fo confiderable, nor are the curds fo hard. 
The mufeular and cellular coats have not this 
prope rty in the fmalleft degree, at leaft in 
gallinaceous birds, upon which thefe expe~ 
riments were made. Hence it would feem, 
that it refides in the internal coat folely ; ; for 
the 
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the effects produced by the nervous coat, may 
be owing to its lying in contact with the 
«former. è 
cexLvII. But is this seoneity inherent in 
the internal coat, or adventitious, and owing 
to the gaftric fluid with which it is impreg- 
nated? I incline to the latter opinion, fince 
the gaftric fluid fo readily curdles milk. I 
fhould weary my reader, was I to recount all 
‘my experiments. I will therefore only fay, 
that the gaftric fluid, from whatever animal 
it was obtained, poffefles this property, whe- 
ther procured by fpunges, by opening the fto- 
mach and expreffing it out of the glands, and 
the mouths of the little arteries, with which 
this vifeus in general abounds. I have fur- 
ther found, that the gaftric fluid need not be. 
frelh. That of crows, at leatt, gta its 
virtue for three months. 
~ ‘@CxLviui. Butisita neceflary PIA 
of thefe experiments, that the gaftric fluid 
contains an acid? As no chemical teft fhews 
this quality, there can be no juft motive to ad- 
“mitit, unlefs it can be proved to be a necef- 
fary confequence of the curdling of milk. 
‘This is maintained by the illuftrious Mac- 
quer among others, who is of opinion, that 
whatever bodies of the animal and vegetable 
inedeen 
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kingdom coagulate milk, have either a ma- 
nifeft or occult acidity (4). _ 

The foundation of this opinion is the com- 
mon obfervation, that acids are the fole caufe 
of the curdling of milk. ‘To this reafoning, 
4 fhall only oppofe a fingle fa@: I have dif- 
covered, that though feveral animal fubftances 
are incapable of producing this effec, yet 
others have this property. Thus for inftance, 
if the blood or bile of a turkey be mixed 
‘with milk, it will retain its fluidity; but 
pieces of the heart, liver, or lungs of that 
bird, will curdle it readily. This obfervation — 
is not merely owing to accident; I have made 
the experiment repeatedly with different tur- 
keys, and always with the fame fuceefs. If 
therefore the coagulation of milk be always 
owing to an acid, we muft fuppofe an acid in 
the heart, liver, and lungs of the turkey. I 
am aware, that many chemifts, in oppofi- 
tion to the Boerhavian fchool, think a real 
acid exifts in the different parts of animals, 
and particularly in the blood; but according 
to this hypothefis, I cannot comprehend, 
why the blood of the turkey and other ani» 
mals does not coagulate milk. With refpe& — 
to the latent acid of the gaftric fluid, I fhall 


(4) Aut. Milk. 
i | very 
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_ very willingly leave my readers to adopt what 
opinion they fhall think moft probable. The 
milk I employed for my experiments, was 
fometimes that of the fheep, but generally . 
of the cow. It curdles fpontaneoufly, as 
every one knows, fooner or later, according 
to the temperature of the atmofphere. When 
I mixed it with gaftric juice, or any other 
fluid, I always left another portion by itfelf. 
In the former cafe, the coagulation foon took 
place without any fign of acidity, whereas 
milk alone required feveral hours, and fome- 
times a day or two, and the coagulum had 
always an acid tafte. 3 

CCxLIX. But it is time to confider the rea- 
fons adduced by others, to prove that digeftion 
is. attended with an incipient putrefa&ion, 
Thefe reafons are founded upon facts related 
by different authors, and detailed in their 
order by Haller, in his great work (a). No- 
thing, according to them, can be more evi- 
dent, than the figns of putrefaction during 
digeftion. The ftomach of a hyena and of 
a ferpent, have been obferved to emit an in- 
tolerable ftench. The breath of the lion and 
eagle is very foetid, as alfo that of the dog, 
when digeftion has been prevented by the 


(a) T. 6. 
A his: exhi- 
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exhibition of opium. A dog without taking 
opium, was obferved to emit an excremen- 
titious odour from his ftomach; the food in 
the ftomach of birds has nearly that fmell. 

The fame obfervation has been applied to 
fifhes; and the inftance of a dog- fifh has 
been addliceéd. of which the ftomach was full 
of a fetid jelly, that contained the food dif- 
folved. The contents of the human ftomach 
fometimes become fcoetid. Vegetable fub- 
ftances alfo degenerate into a putrid mafs, 
when they continue long in the ftomach, as 
appears from the putrid {mell they exhale, 
the green colour they impart to tincture of 
mallows, and the alcaline principle they af- 
ford on diftillation. 

After having related thefe facts, the Swifst 
phyfiologift proceeds to give his own opinion. 
He thinks, that in digeftion there is only 
an incipient, not a complete putrefaction ; 
| which only takes place when the food remains 
a long time in the {tomach, as is evident from 
the facts juft mentioned. He alfo fuppofes, 
that the change produced by the digeftive 
powers, efpecially in the human ftomach, ap- 
proaches nearer to putrefaction than acef-, 
cency; this he infers, from the putrid fmell 
that exhales from flefh found in the ftomach 
of fome animals, notwithftanding there has. 

been. 
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~ been no impediment to digeftion (a). This 
opinion, adopted before Haller by Boer- 
haave (4), has moreover been received by two 
celebrated writers, Gardane (c), and Mac- 
quer(d)i uc | 

ceri N otwithftanding the refpe@able au- 
thority of thefe authors, I do not think the 
facts adduced, fufficient to perfuade an im- 
partial philofopher; they are not only too 
few, but were obferved by mere accident; nor 
had the obfervers the fmalleft intention of en= 
tering into a full difcuffion of this point. 
|. Though the time requifite for digeftion in 
different animals is different, yet in many it 
does not exceed five or fix hours, and in fome 
is ft:11 fhorter. Now it feemed proper to exa= 
mine what change flefh fet to putrify, would 
undergo in that {pace of time; I therefore 
took fome frefh veal cut into {mall pieces, 
and put it in a phial of water, which was 
ftopped with paper. The phial was put into 
a ftove, where the mercury rofe to between 
30 and 35°. . iba 

About the beginning of the fourth hour, 
the flelh had loft its red colour, and was 
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(c) Effai pour fervir a l’Hiftoire de la Patrefaction, 
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turning blue. It was alfo become flabby, but 

for nine hours it had no putrid fmell.  Mut- 
ton and beef, in feveral trials, did not anfwer 

to this time exactly, but no bad {mell was. 
ever perceptible for eight hours. Thefe ex- 

periments fhew, that flefh eaten by many ani- 

mals, among which Man may be enumerated, 

has not time to run into the putrefa@ive fer- 
mentation, efpecially as the temperature of | 
animals is lower than that to which thefe fe- 

veral forts of meat were expofed. However, 

for greater certainty, I made the following 

trials. I have before mentioned introducing 
into the ftomachs of crows, pyriform glafs 

veflels, of which the fmall end was open, 

and came out at the mouth (Lxxxix). 

I now took two of them, and putting fome 
beef, with a little water, into one, and fome 
veal into the other, forced them down the 
throat of fome crows. In order to examine 
the ftate of the flefh, I now and then drew 
them up, and immediately returned them. 
Between the ninth and tenth hours, the beef 
emitted an odour, which though it could not 
be called putrid, was difagreeable. At the 
expiration of the tenth hour, there was a 
diftin& putrid fmell that became gradually 
sftronger and ftronger. In a day the fleth 
turned livid, acquired a naufeous tafte, and 

si | the 
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the particles began to feparate. The fame 
| appearances took place rather fooner in the 
veal. It therefore appears, that flefh in the 
heat of this {pecies of bird requires a longer 
time to putrify, than to be digefted. After 
the glafs veflels were taken out of the fto- 
mach, I gave one of them the fame quantity 
of beef and veal; and upon opening the fto- 
mach in three hours, found that it was en- 
tirely confumed, 

ccLIi. Thefe experiments prove, that no 
putrid tendency is ever acquired by meat du- 
ring digeftion, Nor did I ever perceive any 
fuch tendency in food lying in the ftomach 
fexv,. cel); yietàs Lehad. never madersex 
periments for this exprefs purpofe, and as 
fome phyfiologifts adduce fa&s to prove the 
| contrary (ccxLIx), I was under the neceflity 
of examining the ftomach of various animals, 
with this fole view, 

Four hens were fed with kid, and in two’ 
hours one was killed: the ftomach was full; 
the flefh {till retained its natural {weet favour, 
which at the furface was mixed with a bitterith 
tafte, occafioned by its being impregnated with 
the gaftric fluid. It had no fmell, except that 
of this fluid. An hour afterwards the fto- 
mach of another hen was examined; and here 
the flelh was beginning to be converted into 
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a gelatinous pafte, its fmell was rather dif- 
agreeable; I know not how to defcribe it, 
but it was not at all penetrating, or putrid; 
the colour was {till reddifh, it had not the 
leaft naufeous tafte, | nor did it effervefce: with 
acids, or change the colour of fyrup of vio- 
lets. Thus we fee, it fhewed no fign either 
of incipient, or advanced putrefaction. In 
another hour the third hen was killed: the 
ftomach contained a pultaceous mafs, more 
fluid than in the former cafe; but there was 
not the {malle® token of potrefattioni any 
more than in the fourth hen, which was 
opened three hours dia di when the 
craw was empty, and the contents of the 
gizzard were now diffolved. 
. cQLII. Some frogs jut killed were fet be- 
fore two herons; the birds being hungry, de- 
voured them greedily. In fix sti one of 
them was opened; but whether the tough- 
nefs of the {kin retarded digeftion, or whether. 
that procefs is flow in herons, the frogs had 
not loft their fhape; though the heads and 
limbs were either fepasttod, or on the point 
of being feparated from the trunk, and the 
flefh was become very foft. The tafte, ex- 
| cept. the ufual bitternefs, had nothing nau- 
feous, and the finell was by no means putrid: 
I waited five hours longer before I killed the 
fecond; 
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‘| fecond; when I found but little flefh in the 
ftomach, and that little was entirely decom- 
pofed, but did not emit the leaft putrid 
Sime: , | eta 
If fowls and herons afforded no token of 
putrefaction, much lefs could I expect it from 
the birds upon which my next trials were 
made; I mean, young owls, which digeft 
flefh in three, or at moft four hours. A young 
dog and cat were next fed, at the fame time, 
with boiled beef. The former was opened in 
four hours and an half. The ftomach was 
full of a mafs of foftened fleth, which emitted 
a very flight {mell, exactly refembling the 
{mell of the gaftric fuid. The ftomach of 
the cat was opened in five hours and an half, 
and was found to contain fome remains of | 
flefh, or rather a pulpy matter, which as in 
_ the former cafe, had the {mell of gaftric fluid, 
The flefh, when nearly digefted, did not 
change the colour of fyrup of violets, or ef- 
fervefce with acids. | 

«cCLIlI. There are animals which retain © 
the food in the ftomach for a much longer 
time, ‘as the falcon. Of that upon which I 
made fo many experiments, I have already ob- ~ 
ferved, that it would devour a whole pigeon 
at once, and confinue without, food the whole 
‘day afterwards (cLx). Whence, as alfo from 


Zi 4. its 
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its great bulk, we may infer, thatthe flefh re- 
mains a long time in the body before it is en- 


tirely digefted. ‘ Some months after this was 


killed, another of a different {pecies fell into 
my hands; it was of a larger fize, and had 
no craw, fo that the food pafled immediately 
into the ftomach. Notwithftanding it was 
pretty tame, and therefore valuable, yet I 
facrificed it for the fake of thefe experiments, 
eighteen hours after it had devoured a chicken. 
What remained in the fomach weighed two 
ounces; it confifted of a pulp, in which the 
fibres could yet be difcerned; but neither 
when fubjected to the before-mentioned che- 
mical trials, or when fmelled and tafted, did 
| it fhew any fign of putrefa&ion. But among 


the animals that retain their food fora long. 


time in the ftomach, thofe with cold blood, 
and efpecially vipers, are, as we have feen, 
the moft remarkable. A piece of lizard’s tail 
preferved fomewhat of its mufcular ftructure, 
after having remained five days in the ftomach 
of a land-fnake (cxvimi). Three water 
{nakes had not confumed all their food at the 
end of three days (cxx1). Another not even 
in fix days (cxxv). A lizard remained fix- 
teen days in the ftomach of a viper, without 
lofing its natural form (cxxvi1). Other 
cold animals, fuch as eels, newts, and frogs, 

| muft 
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muft not be forgotten. Four eels that had 
eaten fifh, retained a little after the expira- 
tion of three days, eighteen hours (cxx1x). 
On the fifth day, fome frogs had not quite 
| digefted pieces of inteftine (cvi); which alfo 
happened to newts, two days after they had 
been fed with earth-worms (cviii). | But 
notwithftanding the food continued fo long © 
in the ftomach of thefe feveral animals, I 
have exprefsly noticed, that it had not begun 
to putrify (cxxvII). 
ccLiv. I have met only with two in- 
{tances which though they do not coincide 
with this invariable conftancy of nature, by 
no means detra& from the certainty of the 
confequences that are to be deduced from it. 
Among the crows that were obliged to {wallow 
tubes for a confiderable length of time, fome 
fuffered in their healths, and became lean, 
though they were copioufly fupplied with food. 
But as they did not take it voluntarily, and as 
it was my with to keep them alive for the fake 
of experiments, I forced fome flefh down the 
throats of two,.but to no purpofe; for they 
both died, one thirteen, the other fifteen 
hours afterwards. My curiofity led me to 
open them, and I found that the flefh con- 
tinued whole and undigefted, and moreover 
that it was become putrid. But this evidently 
: arofe 
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arofe from the morbid condition of the anje 
mal, by which the gaftric fluid was altered, 
and rendered inefficacious. For this fpecies 
of birds, as I have feenina hundred inftances, 
digefts flem very {peedily, and without any 
token of putrefaGion appearing. It is alfo 
probable, that the putrid ftate of the food in 
the animals mentioned in the CCXLIxth pa- - 
ragraph, arofe from their morbid condition ; 
efpecially as it remained fo long in the fto- — 
mach of fome of them. It may alfo happen, 
that when an animal in health is killed and 
kept unopened a confiderable time, ‘as often 
happens, the food in the ftomach may be found 
in a putrid ftate. = | 
In the fame paragraph, the breath of the - 
lion and eagle are faid to be fetid. That of 
the lion I never had an opportunity of examin- 
ing, but with the eagle it is far otherwife; 
for when I ftroaked the head gently, it would 
| fometimes open its mouth, and raife a gentle 
| cry; on thefe occafions it neceffarily made a 
long expiration, and in winter the breath ap- 
peared in the form of a little cloud. This 
cloud I have often {melled, and caufed others 
to fmell, both when the bird was fafting, 
when the ftomach was full, and when the 
food was recently digefted; but it was never 


foetid, 
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feetid, and indeed did not feem to have any 
kind of odour. 

ccLv. The experiments defcribéd in the 
CeL, CCLI, CCLII, and ccLil:d paragraphs, 
not only fhew that digeftion is unaccompanied 
by putrefaction, but might induce us to fup- 
pofe, that the ftomach is provided with an 
antifeptic principle. Flefh inclofed in the 
pyriform glafles that were introduced into the 
ftomach of crows, fhewed evident figns of 
putrefaction in ten hours; whereas in eighteen 
they fhew no appearance of the kind, when 
it is in immediate conta& with the ftomach 
{ccLiii). And although ferpents, and the 
other amphibious animals above-mentioned 
(ccLii1) are of a cold temperature, yet in 
their temperature, which is nearly equal to 
that of the atmofphere, flefh becomes putrid in 
two days, fometimes in one, and fometimes 
even in a fhorter time, while in their ftomachs 
it remains untainted frequently fora much lon- 
ger fpace. I could not therefore but conclude, 
that there is prefent in thefe cafes, fomecaufe 
that prevents the corruption which fupervenes 
out ofthe body. What can this caufe be? It 
was not difficult to detect it. I called to mind 
thofe unfinifhed digeftions, which take place’ 
‘ when flefh is immerfed in gaftric fluid contained 
in phials ; where it is diffolved without ever 
turning 
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turning putrid, notwithtanding it is kept Jong 


enough, and expofed to a fufficient heat. I 


ald not then doubt, that the gaftric juices 
are at once the folvent, and the prefervative 


from putrefaction. Further refle@ion fur- 
nifhed me with proofs {till more decifive. It 
appears from various paffages in the prece- 


ding differtations, that in attempts to produce 


artificial digeftion, little or no folution takes 
place, unlefs the fluid extracted from the fto- 
mach is expofed to a confiderable heat (cxLII, 
CLXXXVI, CCI, ccxvil). But without this 


condition, it retains its antifeptic powers 


(CLxxxvi, ccxvi1). Two phials, one con- 
taining fome gaftric fluid from a crow, and 
the other from a dog, together with fome veal 
and mutton, were kept hae feven days in 
winter, in an apartment without fire: the 
flefh was not either confumed or turned pu- 
trid; while fome that was immerfed in water] 
began to emit a foetid fmell on the feventh, 
and about the thirtieth day was changed into 
a very offenfive liquamen. It is proper to 
add, that the gaftric fluid at lat lofes, though 
kept in phials ever fo clofely ftopped, its an- 
tifeptic quality, but it never becomes putrid 
itfelf. ‘This at leaft I found to be the cafe 
with fome taken fram a crow, and kept two 
months. | 
| ccLvi. The 


"4 
ARA vay 


HESS ER TA TION: VI 349 


data: The difcovery ‘of this antifeptic 


| property led me to enquire what would be 


the effect of immerfing flefh, more or lefs pu- 
trid, in gaftric fluid. Four portions that had 
an infupportable fmell, were fet in four bot- 
tles, which I filled’ with four different kinds 
of gaftric fluid, viz. of a dog, a crow, an 
owl, and.an eagle. This was done in March, 


and the bottles were kept twenty-five days in 


an apartment, where the heat was never lefs 
than 8, and never exceeded 12°. I could 
not perceive that it was at all more diffolved 


‘than if it had been immerfed in water. With 
 refpe& to the fetid fmell in the phials con- 


taining lamb and veal, it continued unchang- 
ed; but in the two others, which contained 
fowl and pigeon, it feemed rather diminithed. 
This refult fuggefted to me, that the gaftric 
fluid might not only impede putrefaction, but 
reftore putrified fubftances. I therefore re- 
peated the experiment in June, and found 
that my fufpicion was well founded. Some 
fowl and pigeon, in which putrefaction was 
pretty far advanced, were immerfed in the 
gaftric fluid of a dog and falcon, and re« 
mained in it thirty-feven hours, in which 
time they were reduced to a jelly, but had 
nearly loft their offenfive fmell. On com- 
paring this with the preceding experiment, 

| I con- 
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I conjectured, that the fuperior efficacy of the 
gaftric fluid in the latter cafe, proceeded from 
the warmth of the feafon: and this induced 
me to expofe the fame fleth under the fame 
circumftances, to the fun about the middle 
of June. And now ten hours completely 


took away the faetid fmell. I did not neglect | 


making the fame experiment with'the galtric 
fluid of other animals; the fleth generally 
loft its difagreeable odour, but fometimes for 
a reafon, which I cannot affign, retained it in 
part. It is proper to add, that the recent 
fluid was always more efficacious than the 

old. | 
ccLvirt. If we confider the ccLv and 
ccLvith paragraphs, we muft conclude, that 
putrid flefh lofes this quality in the ftomach 
of animals. Before I attempted to afcertain 
this point by experiment, nature herfelf gave 
me a decifive proof of it. At the time I kept 
a great number of fowls for my enquiries, I 
perceived that when they are allowed to eat 
at will, they cram their craw fo full, that it 
is fixteen or twenty hours before it is com- 
pletely evacuated. Curiofity led me to kill a 
cockrel that had about an ounce of meat, 
which happened to be bruifed fleth, remain- 
ing in its craw: and I was ftruck with fur» 
prize, when I perceived that it had a {trong 
putrid 
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putrid fmell; it was become foft, had a dull 
red colour, and a naufeous tafte: I imme- 
diately proceeded to examine the contents of 
the ftomach; but here I found the fleth quite 
decompofed with a bitter fweet tafte, and a 
fmell not in the leaft fatid., The liquor 
therefore of the ftomach, had corrected the 
putrid quality which the flefh had acquired in 
. thecraw. The fame thing took place in fome 
hens. The flefh in the craw became putrid 
in fixteen hours, while that in the ftomach 
had no difagreeable odour. It fhould, how- 
ever, be remarked, that the putrefaQive fer- 
mentation never runs fo high within the craw, 
as it does out of the body, even when the heat 
is lefs ftrong. Whence I fufpe&ed, that the 
fluid of the craw might alfo poffefs an anti- 
feptic power, though in a degree very far in- 
ferior to that of the ftomach. | 
ccLviri. I took a putrid piece of beef’s 
lights, and dividing it into five portions, faf- 
tened a ftring to each, and then thruft them 
into the ftomachs of five ravens. ‘The end of 
the ftring was brought out at the beak, as on 
former occafions (Lxvi11), that I might be 
able to examine the flefh at pleafure. In three 
quarters of an hour, two of the pieces. were 
drawn up: they were wafted; and at firft 
-feemed to have loft their putrid fimell, but 
upon 
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upon wiping off the gaftric fluid, it became — 


again fenfible, but it was much diminifhed. 


Half an hour afterwards another piece, upon. 


examination, was found to be ftill more 
waited, and to have loft almoft all its bad 
odour, even when the gaftric fluid was care- 
fully wiped away. In an hour afterwards the 


two remaining pieces were drawn up. ‘They 


were reduced to the fize ofa pea, and it would 
have been impoffible to tell that they had been 
ever putrid, fo perfectly were they recovered ; 
even the tafte had nothing difagreeable, ex- 
cept the bitternefs which is always prefent on 
fuch occafions. 

The great length of the neck prevented 


me from repeating this experiment upon the | 


heron. I forced a femi-putrid frog, from 


which the {kin had been taken, into the fto- 


‘mach, but I could not draw it up again; it 
was therefore neceflary to cut the ftring at 


the beak, when the bird immediately {wal- , 


lowed it. It was my intention to kill the 


heron in about an hour, that I might ex- 
amine what change the frog had undergone. 
But it was vomited before that time, pro- 
bably on account of its being a difgufting 
food; for however greedily the heron devours 
living fifhes and frogs, it abftains from them 


via they are turning putrid. ‘The gaftric 


fluid 


a, 
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fluid had, notwithftanding, exerted both its 
antifeptic and folvent powers, during the 
forty-three minutes the frog had been in the 
ftomach. . Some tin tubes were ‘then filled: 
with putrid fifh, and given to the animal; 
they were not, as before, thrown up, perhaps, 
becaufe the putrid matter was not in contact 
with the ftomach. The bird was killed three 
hours afterwards ; what remained in the tubes 
weighed one-feventh of an ounce; it re- 
fembled a thick gelatinous pafte, in which a 
few flefhy fibres might yet be diftinguifhed, 
and which retained no veftige of its former, 
putrid ftate. 
ccLix. I treated feveral fmall birds of prey, 
fuch as the two fpecies of owl above de- 
fcribed; and a young hawk, as I had done 
crows (cLviti). They were fed with intef-. 
tine, liver, and lungs of fheep, more or lefs . 
putrid. Solution took place, and the putre- 
faction was corrected according to the time of 
the continuance of the flefh in the ftomach. 
‘The hawk twice threw up what it had {wal- 
lowed, probably, becaufe its putrid {tate made — 
it difagree with the ftomach, for this never 
happened when it was fed with frefh meat. 
The gaftric juices of the eagle produced the 
fame effect upon flefh inclofed in tubes, and 
introduced into its ftomach. Animals of cold 
Wor. I. Aa blood 
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blood having very flow digeftive powers, were | 
long in corre&ing the putrefa&ion of flefh. 
This effect, however, was at laft produced. 
The only precaution neceflary, was to return 
the fubftances into the ftomach when they 
were vomited, which often happened. 

The laft experiments I made with this view, 
were upon a cat, a dog, and myfelf. I was 
obliged to force the putrid flefh down the 
throat of thefe animals, for notwithftanding 
they were exceedingly hungry, they obfti- 
nately refufed it. The dog retained what was 
forced upon him, but the cat vomited it along 
with a quantity of foam, and a liquor that 
appeared to be gaftric fluid. The fleth, which 
when it was given was exceedingly fetid, 
had now loft its fmell entirely; of this, ano- 
ther cat, by eating it without afterwards 
throwing it up, gave mea clear proof. Upon 
opening the ftomach, I found the flefh half 
digefted, and with no other fmell than that 
which fre meat ufually emits in like cir- 
cumftances. Intwo hours and a half the dog 
was opened. . The flefh lay in a little lake of 
gaftric fluid, nearly decompofed, nor did it 
either in tafte or fmell refemble tainted meat. 
The experiment I made on myfelf, confifted 
in fwallowing, at five different times, five 
tubes covered with linen, like thofe men-. 

tioned 
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tioned in the cevitith paragraph: they were 
full of different forts of putrid flefh. I voided 
them feparately, and in each there was fome: 
of the contents remaining, but not one ex- 
hibited the fmalleft token of putrefaction. 
Hence then it appears, that the various claffes 
of animals, and Man among the reft, in an 
healthy ftate, are endowed with the power, 
not only of checking the putrefa&ion of fub- 
ftances lodged in the ftomach, but alfo of 
correcting them when already putrid. 
ccLx. By this difcovery I was led to refle@, 

that many animals living upon flefh, and mat- 
ters that have a tendency to run into the pu- 
trefactive fermentation, never feed but upon | 
fuch as are frefh and fweet; and that, if by 
any accident putrid food fhould get into the 
ftomach, they are fubject to vomiting and va- 
rious bad fymptoms, and even death itfelf: 
fome inftances of vomiting’ excited by this 
caufe, may be feen above (CCLVIII, CCLIX); 
while on the other hand, many animals de- 
light in corrupted fubftances, as for inftance, 
the multitude of loathfome infects and worms 
that refide in fewers and fepulchres, and feed 
upon decaying carcafes. Among birds and 
quadrupeds, there are alfo fome that feck 
tainted flefh; fuch as the crow, the kite, the 
; mores among the former; and among the 
' Aa2 lat- 
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latter, the chacal and the hyena. While other 
animals fly the miafmata that arife from bodies 
in fuch a flate, thefe feck and are guided by 
them to their abominable repafts. But now 
we are acquainted with the-antifeptic virtue 
of the gaftric fluid, the difgufting manners of © 
thefe ee ought no longer to furprize us, 
for the food, however putrid, muft be totally 
changed before it is converted into nutriment 
and animalized. And although the putrid 
quality is corrected by other animals, yet food 
in that ftate is noxious to them, on account 
of the difagreeable impreflion it makes on the 
organs of fmell and tafte, as alfo upon the 
ftomach, by which, and particularly by their 
noifome miafmata, the nervous fyftem is pro- 
bably irritated. It befides feems likely, that 
the antifeptic power of the gaftric fluid of the 
former, is greater and more efficacious, and 
confequently that it more readily and more 
completely corrects putrefaction. Habit, 
which is juftly reputed a fecond nature, may 
bring animals, that naturally abominate | pu- 
trid food, to live very well upon it. We 
have already feen the convertion of a pigeon 
from a granivorous into a carnivorous animal 
(cLxxv); and I brought it to eat not only 
freth fleth, but fuch as was feetid, and even 
completely putrified. The bird at firft ab- 

folutely 
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folutely refufed it, and I was obliged to force: 
it into the ftomach; for fome days it fuffered - 
from this treatment, and became evidently 
leaner. But by degrees nature became inured; 
to the food, and the pigeon, ftimulated by. 
hunger, took it fpontaneoufly, till at laft it 
recovered its plumpnefs; and now its appe- 
tite for tainted, was as keen as it had been’ 
before for fweet meat. We may learn from 
this inftance, that cuftom is capable of chang 
ing difagreeable, and even noxious food, into: 
good nourifhment, i ? 

ceLxi. But what fhall we fuppofe enables 
the gaftric fluid to check and corre& putre- 
faGion? As it contains a falt, and that of the 
ammonical kind (cexuv 1), and as befides the 
experiments of Pringle thew, that all falts; 
whether acid, alkaline, or neutral, whether 
volatile or fixed, are antifeptic (a), it is ob- 
vious to conjecture, that thefe two qualities 
arte Rome the fame fource:. I, roncciveds 
however, before I determined abfolutely, that 
it would be prover to attempt a few experi- 
ments. It is obferved by Pringle, that. we. 
muft employ common falt, which {o nearly 
refemibles fal ammoniac, in confiderable quan- 
tity, if we with it to act as an antifeptic ; other- 

(a) Appendix, containing experiments on feptie and anti. 
feptic fabfances. 
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wife, itis fo far from checking, that it pro- 
motes putrefaction.. Thus a drachm of falt, 
diffolved in two ounces of water, keeps meat 
{weet buta little while, and twenty-five grains 
a fill lefs time; while ten, fifteen, and even 
twenty grains haften its corruption, This 
paradox has been confirmed in France bythe 
learned Mr. Gardane. Notwithftanding thefe 
authorities, I determined to bring the matter 
to the teft of experiment. I therefore took 
four phials, and putting into each three penny- 
weights, fix grains of frefh beef, pounded 
very fmall, I poured upon it an ounce and half 
of water, In the firft phial were diffolved ten 
grains of common falt, in the fecond fifteen, 
in the third twenty, and the fourth was left 
without falt, asa term of comparifon. The » 
‘temperature of the place where they were 
kept, was about fifteen degrees. The firft | 
phial began firft to emit a fetid fmell, the 
fourth next, then the fecond, and laftly the 
third, The other tokens of putrefaction ap- 
peared in the fame order, When fal ammo- 
niac was fubftituted in the place of common 
falt, the only difference in the refult, con- 
fifted in the phial which contained no falt, 
and that which centained ten grains, begin- 
ning to exhale a putrid fmell at the fame 
tune. “It Appeare, therefore, that Pringle's ex- 
periment 
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periment was accurate, and that the fame thing 
nearly is true of falammoniac. In order to 
determine whether the antifeptic property of 
the gaftric fluid arifes from the fal ammoniac 
it contains, I diffolved a quantity of that falt 
by degrees in water, till it had nearly-ac- 
quired the fame faltnefs as the gaftric fluid; 
fome bruifed flefh was then immerfed in it. 
That the water and the liquor of the ftomach 
had nearly the fame faltnefs, I affured myfelf, 
both by tafting it, and by dropping a few 
drops of each into a folution of filver in the 
nitrous acid, when each afforded the fame 
white precipitate. But it is this caufe that 
prevents putrefaction; for the flefh immerfed 
in the falt water, emitted a fcetid odour fooner 
than other flefh of the fame kind, infufed in 
common water: and although when more 
{al ammoniac was employed, putrefaction was 
retarded, it was not prevented; to attain this 
end, eighteen or twenty times as much falt 
‘as is contained in the ga aftric fluid was requi- 
fite. Thefe facts dos clearly to fhew, that 
the antifeptic quality of the gaftric fluid does 
not depend on the fmall quantity of fal am- 

monuac lt contains. 
ccLx11. From the fceptic power of com- 
mon falt in {mall quantity, Mr. Gardane de- 
duces a confequence, which it may be pro- 
Aas per 
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per to notice in paffing. He thinks the com- 
mon falt we take with our food, being always 
in little dofes, forwards digeftion, by pro- 
| moting putrefaction; upon which, accord- 
ing to him, as we have feen above (CCXLIx), 
that function depends... Though my nume- 
rous experiments completely deftroy this fup- 
pofition, yet it feemed worth while to try 
what would happen to flefh feafoned with 
fuch a proportion of common falt as haftens 
putrefaction, and given to different animals, 
Some tubes, filled. with fleth thus prepared, 
and others, with fome of the fame kind, 
without fait, were given to a dog and a cat. 
The animals were opened in five hours, and 
upon examining the tubes, I could not per- 
ceive that the falt had occafioned any differ- 
ence. What remained undiffolved, had (till 
a flight falt tafte, but not the leat difagree- 
able fmell; and it was juft as much wafted as 
the other. It therefore appears, that this fmall 
dofe of falt had neither promoted digeftion, 
nor produced any tendency to putrefaétion, 
being overpowered by the antifeptic quality 

of the gaftric fuid. : 
CCLXIII. But to return from this digref- 
fion. If the falt contained in the gaftric fluid 
is not the caufe of its antifeptic power, to 
what other principle can it be owing? Mac. 
bride’s ‘ 
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bride’s theory concerning the origin of this 
property in, fo many bodies, has great inge- 
nuity. The cohefion and folidity of fub- 
ftances, is in his opinion owing to the fixed 
air they contain. Now when by y any means 
this is taken away, the mutual adhefion of 
the feveral seid will be deftroyed, and the 
body will either run into the putrefactive fer- 
mentation, or crumble into duit, according 
to the nature of its conftituent parts. Hence 
it neceffarily follows, that whatever fubftance 
has. the power of impeding the feparation of 
fixed air, or reftoring it when feparated, will 
alfo prevent or correct putrefaction. But an- 
tifeptic matters have, according to this phy- 
fician, fuch a power. A piece of flefhy for 
inftance, furrounded by a fubftance of this 
kind, is kept fweet, becaufe the fixed air can- 
not make its efcape; and that, probably, on 
account of its pores being blocked up by the 
finer particles of the antifeptic matter. Hence 
the fle(th will long preferve its natural tafte 
and confiftence. If it has already become 
putrid, it will receive fixed air from the anti- . 
feptic body, and hence ceafe by degrees to 
exhale a fetid fmell, lofe its fluidity and flab- 
binefs, and at laft recover its fweetnefs and 
firmnefs (a). 
| (a) Magbride, 1. c. 
Will 
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Will not this theory account for the anti- 
feptic power of the gaftric fluid? Without 
going out.of my way to examine the founda- 
tion on which it refts, I will obferve, that it 
feems by no.means to afford the information 
wanted, fince the gaftric fluid is an antifeptic 
of a fingular fort. Other fubftances poffef- 
fing this property, while they keep away pu- 
trefaction, preferve or reftore the cohefion of 
the parts; whereas the gaftric fluid being at 
once an antifeptic and folvent, while it pre- 
vents or corrects putrefaction, reduces bodies 
into very fmall particles. We mutt therefore 
conclude, that the property of this animal 
uid arifes from fome other principle, though 
i cannot determine what that principle is, 
both for want of experimental data, and on 
account of the imperfe& fate in which phy- 
ficians have left the theory of putrefaction. 
I therefore chofe to acknowledge my igno- 
rance, rather than invent fome gratuitous ia 
pothefis; fuch a mode of Bey would 
ill agree with the difpofition of one, who has. 
no other obje& in view than the difcovery of 
truth. 

ccLxIv. For the fake of my readers, it 
may be proper to recapitulate what has been 
proved in this differtation. Firft, of the three 
fpecies of fermentation eftablifhed by modern 

chemifts 
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chemifts and naturalifts, viz. the fweet, the 
acetous, and the putrid, neither takes place in 
digeftion, Secondly, Though an acid fome- 
times appears during this procefs, yet it dif- 
appears entirely towards the conclufion of it. 
Thirdly, Putrefaction never in health attends 
digeftion. Fourthly, The gaftric fluid isa. 
real antifeptic. I fuppofe my proofs, how- 
ever conclufive, will not avail with thofe who 
eftablith it as an axiom, that wherever there 


is heat and moifture, there muft be fermen- 


‘tation; and think that it muft therefore ne- 


ceffarily take place in the food, and not only 
in the ftomach and inteftines, but in the chy- 
liferous and fanguiferous veflels: they indeed 
limit their do&rine fo far as to fay, that where- 
as out of the body it goes on rapidly, and 
with an inteftine commotion, in the body of 
it is flow, weak, and generally impercepti- 
ble. Let me intreat thefe learned and zea- 
lous advocates for fermentation to reflect, 
that my experiments are not dire&ly repug- 
nant to theirs. I only pretend to fhew, that 
not the {malleft fenfible fermentation takes 
place in the ftomach of animals or Man. 
With re{pect to fenfible fermentation, as it 
is amongft uncertain things, found fogic for- 
bids me alike either to admit or reject it. 
APPEN- 
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By Jonn Hunter, F.R.S. and Surgeon 
to ST. GeorcE’s Hofpital*. 


AN accurate knowledge of the appear- 
ances in animal bodies that die of a vio- 
lent death, that is, in perfect health, or ina 
found ftate, ought to be confidered ‘as a ne- 
ceflary foundation for judging of the ftate of 
the body in thofe that are difeafed. 

But as an animal body undergoes changes 
after death, or when dead, it has never been 
fufficiently confidered what thofe changes 
are; and till this be done, it . i impoffible we 


® See'Philofophical Tranfa@iors, Vol LXE. p. 447. : 
should 
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fhould judge accurately of the appearances in 
dead bodies. The difeafes which the living 
body undergoes (mortification excepted) are. 
always connected with the living principle, 
and are not in the leaft fimilar to what may 
be called difeafes or changes in the dead body: 
without this knowledge, our judgment of the 
appearances in dead bodies muft often be very 
imperfect, or very erroneous; we may fee ap- 
pearances which are natural, and may fup- 
pofe them to have arifen from difeafe; we 
may fee difeafed parts, and fuppofe them in a 
natural ftate; and we may fuppofe a circum- | 
ftance to have exifted before death, which 
was really a confequence of it; or we may 
imagine it to be a natural change after death, 
when it was truly a difeafe of the living body. | 
It is eafy to fee therefore, how a man in this 
ftate of ignorance muft blunder, when he 
comes to connect the appearances in a dead 
body with the fymptoms that were obferved 
in life; and indeed, all the ufefulnefs of open- 
ing dead bodies depends upon the judgment 
and fagacity with which this fort of compa- 
rifon is made. di 
There is a cafe of a mixed nature, which 
cannot be reckoned a procefs of the living 
body, nor of the dead; it participates of 


both, | 
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both, inafmuch as its caufe arifes from the 
living, yet cannot take effect till after death. 
- This fhall be the object of the prefent pa- 
per; and, to render the fubje& more intelli- 
gible, it will be neceflary to give fome gene- 
ral ideas concerning the caufe and effects. 

An animal fubftance when joined with 
the living principle, cannot. undergo any 
change in its properties but as an animal; 
this principle always acting and preferving 
the fubftance, which it inhabits, from diffo- 
lution, and from being changed according to 
the natural changes, which other fubftances, 
applied to it, undergo. © 

There are a great many powers in nature, 
which the living principle does not enable 
the animal matter, with which is is com- 
bined, to refift, viz. the mechanical and moft 
of the ftronger chemical folvents. It renders 
it however capable of refifting the powers of 
fermentation, digeftion, and perhaps feveral 
others, which are well known to aé on this 


- fame matter, when deprived of the living 


principle, and entirely to decompofe it. The 
number of powers, which thus act differently 
‘on the living and dead animal fubftance, is 
not afcertained: we fhall take notice of two, 
which can only affe& this fubftance when 
deprived of the living principle; which are, 

putre- 
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putrefaction and digeftion. Putrefaction is 
an‘effect which arifes fpontaneoufly; digef- 
tion is an effect of another principle acting | 
upon it, and fhall here be confidered a little 
more par ticularly. 

Animals, or parts of ere pofieffed of 
: the living ARDA, when taken into the fto- 
mach, are not.the leaft affeed by the powess 
of that vifcus, fo long as the animal princi 
ple remains; hence it is that.we find animals 
of various kinds living in the ftomach, or 
even hatched and bred there: but the mo- 
ment that any of thofe lofe the living prin- ‘ 
ciple, they become fubject to the digeftive 
powers of the ftomach. If it were poffible 
fora man’s hand, for example, to be intro- 
duced into the ftomach of a living animal, 
and kept there for fome confiderable time, 
it would be found, that the diffolvent powers 
of the ftomach could have no effe& upon it; 
but if the fame hand were feparated from de 
body, and introduced into the fame ftomach, 
we fhould then find that the ftomach would 
immediately act upon it. 

Indeed, if this were not the eafe, we 
fhould find that the ftomach itfelf ought 
to have been made of indigeftible materials ; 
for, if the living principle was not capable of | 
preferving animal fubftances from undergo=. 4 

) ing 
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ing that procefs, the ftomach itfelf would be 
digefted. 

But we find on ‘tht contrary, that the fto- 
mach, which at one inftant, that is, while 
pofiefied of the living principle, was capable 
of refifting the distilive powers which it con- 
tained, the next moment, viz. when deprived . 
of the living principle, is itfelf capable of ‘ 
being digefted, either by the digeftive powers 
of other ftomachs, “or by the remains of that 
power which it had of digefting other things. 

From thefe obfervations, we are led to ac- 
count for an appearance which we often find 
in the ftomachs of dead bodies; and at the 
fame time they throw a confiderable light 
upon the nature of digeftion. The appear~ 
ance which has been hinted at,.is a diffolu- 
tion of the ftomach at its greateft extremity ; 
in confequence of which, there is frequently 
a confiderable aperture made in that vifcus. 
The edges of this opening appear to be half 
diffolved, very much like that kind of diffo- 
lution which flefhy parts undergo when half 
digefted in a living ftomach, or when dif- 
folved by a cauftic alkali, viz. pulpy, tender, 
and ragged. 

In thefe cafes, the contents of na ftomach 
are generally found loofe in the cavity of the 
401 about the fpleen and diaphragm. 
| Bb dai In 
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In many dae this digeftive power extends 


much further than through the ftomach. 


I have often found, that after it had diffolved 


- the ftomach at the ufual place, the contents 


of the ftomach had come into contact with 
the fpleen and diaphragm, had partly diffolved 
the adjacent fide of the {pleen, and had diflolved 
the diaphragm quite through ; fo that the con- ° 
tents of the ftomach were found in the cavity 
of the thorax, and had even affected the lungs 
in a {mall degree. 

. There are very few dead bodies, in which 
the ftomach is not, at its great end, in fome 
degree digefted; and one who is acquainted 
with difleCtions, can eafily trace the gradations 


from the fmalleft to the greateft. 


To be fenfible of this effe@, nothing more 
is neceflary, than to compare the inner furface 
of the great end of the ftomach, with any 
other part of the inner furface; what is found; 
will appear foft, fpongy, and granulated, 
and without ditin& blood-veflels, opake and 
thick; while the other will appear fmooth, 
thin, and more tranfparent; and the veffels 
will be feen ramifying in its fubftance, and 
upon f{queezirig the blood which they con- 
tain from the larger branches to the fmaller, 
it will be found to pafs out at the digefted | 

ends. 
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ends of the veffels, and appear like drops on 
the inner furface. | 
Thefe appearances I had often feen, and I 
do fuppofe that they had been feen by others; 
but I was at a lofs to account for them; at 
firft, I fuppofed them to have been produced 
during life, and was therefore difpofed to 
look upon them as the caufe of death; but I 
never found that they had any conne&ion 
with the fymptoms: and I was ftill more at 
a lofs to account for thefe appearances, when 
I found that they were moft frequent in thofe 
who died of violent deaths, which made me 
fufpe& that the true caufe was not even 
imagined (a). 
* At this time I was making many experi- 
ments upon digeftion, on different animals, 
all of which were killed, at different times, 
after being fed with different kinds of food ; 
di Bids oie fome 


(2) The firft time that I had occafion to obferve this ap- 
pearance in fuch as died of violence and fuddenly, and in 
whom therefore I could not eafily fuppofe it to be the effe& of 
difeafe in the living body, was in a man who had his fkull 
fractured, and was killed outright by one blow of a poker. 
Juft before this accident, he had been in perfect health, and 
had taken a hearty fupper of cold meat, cheefe, bread, and 
ale. Upon opening the abdomen, I found that the ftomach, 
though it ftill contained a good deal, was diffolved at its great 

end, anda confiderable part of thefe its contents lay loofe in 
“a general cavity of the belly. This appearance puzzled me 
| very 
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fome of them were not opened immediately 
after death, and in fome of them I found the 
appearances above defcribed in the ftomach. 
For, purfuing the enquiry about digeftion, 
I got the ftomachs of a vaft variety of fith, 
which all die of violent deaths, and all may 
be faid to die in perfect health, and with their 
ftomach commonly full; in thefe animals we 
fee the progrefs of digeftion moft diftin&ly ; 
for as they fwallowed their food whole, that 
is, without maftication, and fwallow fifh that 
are much larger than the digefting part of the 
{tomach can contain (the fhape of the fifh 
{wallowed being very favourable for this en» 
— quiry), we find in many inftances that the part 
‘of the fwallowed fifh which is lodged in the 
digefting part of the ftomach is more or lefs 
diffolved, while that part which remains in 
the cefophagus 1 is perfectly found. 

And in manyof thefe I fanali that this 
digefting part of the ftomach was itfelf re- 


very much. The fecond time was at St. George” s Hofpital, 

in a man who died a few hours after receiving a blow on his 
head, which fractured his fkull likewife. From thofe two cafes, 
among other conjectures about fo ftrange an appearance, I be« 
gan to fufpect that it might be peculiar to cafes of fractured 
fkulls; and therefore, whenever I had an opportunity, I ex- 
amined the ftomach of every perfon who died of that accident: 
but I found many of them which had not this appearance. 
Afterwards I met with it in a foldier who had been hanged. 


duced, 
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duced to the fame diffolved ftate as the digef- 
ted part of the food. 

Being employed upon this fubje&, and 
therefore enabled to account more readily for 
appearances which had any connection with 


it, and obferving that the half-diflolved parts 


of the ftomach, &c. were fimilar to the half- 


digefted food, it immediately truck me, that. 


it was from the procefs of digeftion going on 
after death, that the ftomach, being dead, 


was no longer capable of refifting the powers. 


of that menftruum, which itfelf had formed 


for the digeftion of its contents; with this. 
idea, I fet about making experiments to pro- 


duce thefe appearances at pleafure, which 
would have taught us how long the animal 
ought to live after feeding, and how long it 
fhould remain after death before it is opened ; 
and above all, to find out the method of pro- 
ducing the greateft digeftive power in the liv- 
ing ftomach: but this purfuit led me into an 

unbounded field. 7 
Thefe appearances throw  confiderable 
light on the principles of digeftion; they 
fhew that it is not mechanical power, nor 
contractions of the ftomach, nor heat, but 
fomething fecreted in the coats of the fto- 
mach, which is thrown into its cavity, and 
3 Bb 3 there 
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there animalifes the food (a), or aflimilates it 
to the nature of the blood. ‘The power of 
this juice is confined or limited to certain 
fubftances, efpecially of the vegetable and 
animal kingdoms; and although this men- 


ftruum is capable of acting independently of 


the ftomach, yet it is obliged to that vifcus 
for its continuance. 


«ais atic E 
(2) In all the animals, whether carnivorous or not, upon 
which I made obfervations or experiments to difcover whether 
or not there was an acid in the ftomach, (and I tried this in a 


| great variety), I conitantly found that there was an acid, but 


not a ftrong one, in the juices contained in that vifcus in a na- 
tural ftate. | 


EXPE- 
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INAUGURAL DISSERTATION 


OF 


De, “ep ee Vere 


Publithed at Edinburgh in 1777, 


A ele following experiments were made — 


at Edinburgh upon an Huffar, a man of 
weak underftanding, who gained a miferable 
livelihood, by fwallowing ftones for the 2- 
mufement of the common people, at the im- 
minent hazard of his life. He began this 
practice at the age of feven, and has now fol- 
lowed it twenty years, His ftomach is fo 
much diftended, that he can fwallow feveral 
ftones at a time; and thefe may not only be 
plainly felt, but may be heard, whenever the 
hy pogaftric région is ftruck. 
ies Bb4 EXPERI- 
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EX ME RIMENT & 


At eight o’clock in the evening, I gave the 
fubje& of my experiments a hollow filver 
{phere, divided into two cavities by a parti- 


a 


tion, and perforated on the furface ‘with a - 


great number of holes, capable of admitting 
a needle: into one of thefe cavities was put 
four fcruples and a half of raw beef, and into 
the other five {cruples of raw bleak. The 


{phere was voided in twenty-one hours, when 
the beef was found to have loft one {cruple 


and a half, and the fith two {cruples. The 
reft was much foftened, but had no difagree- 
‘able fmell. 


II. A few days afterwards he took the fame 4 
{phere, containing in one cavity a fcruple 


and four grains of raw beef, and in the other 
four {cruples and eight grains of the fame 
boiled. In forty-three hours the {phere was 
returned, and the raw fleth had loft one feru- 


ple and two grains, and the boiled one {eru- | 


ple and fixteen grains. 


III. Sufpecting that if thefe fubftances 


were divided, fo that the folvent could have 
freer accefs to them, more of them would be 
diffolved. I procured another {phere with 
holes, fo large as to receive a crow’s quill, 
and enclofed fome beef a little mafticated in 


a eee 
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it. It was voided quite empty; thirty-eight 
hours after it was fwallowed. 
tv. Seeing how readily the chewed meat 
was diffolved, I thought of trying whether it 
would be as foon diffolved in a {phere with 
large holes, but without being chewed. I 
therefore put a fcruple and eight grains of 
pork into one cavity, and into the other the 
fame quantity of cheefe. The {phere was 
retained forty-three hours, at the end of . 
which not the {malleft remains of either pork 
or cheefe could be found. 

v. He afterwards fwallowed the fame 
fphere, containing in one partition fome 
roafted turkey, and in the other fome boiled » 
falt herring. In forty-fix hours it was void- 

ed, and nothing of the turkey or herring now 
appeared, both having been completely dif- 
folved. 

vi. Having found that animal fubftances, 
though inclofed in tubes, are eafily concocted, 
I next determined to try whether vegetables, 
which are more difficulty digefted, would 
be fo too. I therefore enclofed an equal 
quantity of raw parfnep and potatoe in a 
fphere. It was voided after having continued 
forty-eight hours in the alimentary canal, 
| when both fpecies of vegetable were found 
to be diflolved. 


11. Pieces 
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vii. Pieces of apple and turnep, both 
raw and boiled, were diffolved in thirty-fix 
hours. DE | 

viti, He next fwallowed fome grains of 
wheat, rye, barley, oats, and peafe, contained 
in a fphere, which remained feveral hours in 
the alimentary canal, but no alteration was 
produced on any of its contents, except upon 
the peafe, which were fwoln, and burt by 
the humidity they had imbibed. 
© 1x. The readinefs with which the gattric 
fluid had acted upon roafted animal fubftances, 
induced me to try what change would be pro- 
duced by it upon hard ones, fuch as bone. 


I therefore inclofed. in one partition of a_ 


{phere, fome of the bone from a leg of mut- 
ton, andinthe other part of a turkey’s wing. 
The {phere was retained forty-eight hours. 
The bone was weighed, and found to have 
loft nothing of its weight, while the fleth, 
fkin, and ligaments were quite diffolved, fo 
that the bones of the wing were now quite 
feparate; but they had undergone no per- 
ceptible alteration. 


x. Inanimate matters being fo readily fo-' 


luble, I refolved to enquire how far living 
animals are capable of refifting the action of 
this powerful menftruum. With this view, 
an animal fuppofed to be deftitute of pores, 

and, 
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and, according to my experiments, capable 
of fuftaining a degree of heat equal to the 
human temperature, was enclofed in a fphere 
‘perforated with {mall holes, to prevent the 
leech from wounding the ftomach. The 
Huflar took it, and voided it about the ufual 
time, when nothing was found except a black 
vifcid miafma, the remains of the digefted 
leech. This experiment was repeated with 
earth-worms, and they were diflolved with 
equal facility. But as they cannot fo well 
fupport the human temperature, it is pro- 
bable they died before they began to be dif- 
folved *. | 
It was my inténtion to make more experi- 
ments of this kind, but as the Huffar left 
Edinburgh foon afterwards, I was obliged to 
have recourfe to dogs and ruminating ani- 
mals. | i | 

x1. A whelp, three months old, having 
been kept fourteen hours without food, was 
forced to fwallow four oval ivory globes, of 
different fizes, and perforated with many 
{mall holes. One contained beef, another 
haddock, a third potatoe, and a fourth cab- 
bage, all raw, and weighing each fixteen 
grains. In four hours the animal was killed 
and opened. The globes were found in the 


| * Perhaps this is alfo the cafe with leeches. 
ftomach, 
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ftomach, and their re{pective contents were 
diminifhed in the following proportions: The 
fifh had loft nine grains, the beef five, the 
potatoe three, and the cabbage one. The 
globes themfelves appeared to be thinner, but 
as I had no fufpicion that the ivory would be 
affected by the gaftric fluid, I did not weigh 
them before the experiment. I could not 
therefore exactly afcertain their diminution. 
xII. Having procured a whelp five months 
eld, it was kept fafting fixteen hours, and 
then four of the globes ufed in the foregoing 
experiment, each containing a certain quan- 
tity of mutton, turbot, parfnep, and pota- 
toe were forced upon it. Thefe fubftances 


had been previoufly expofed to the action of. 


fire, and each weighed fixteen grains. Seven 
hours afterwards the animal was killed, and 
the globes were taken out of the ftomach; 
when the fifth was found to haye loft ten 
grains and a half, the mutton fix, the po- 
tatoe five, and the parfnep nothing. The 
fpheres were become ftill thinner, Lai I had 
as before, neglected to weigh them. 

xIII. A dog fix months old was kept fatt. 
ing the ufual time, and the fame four {pheres 


were given him. The firft contained fixteen 


grains of boiled mutton, the fecond as much 


boiled fith, the third the fame quantity of © 
boiled 
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boiled potatoe, and the fourth of boiled parf- 
nep. In eight hours it was killed and opened. 
The globes were found greatly altered. The 
extreme parts, not the middle, were totally 
diffolved, fo that the contents lay loofe in 
the ftomach. The fpheres, before the ex- 
_ periment, weighed together three {cruples 
fixteen grains; the fragments weighed only 
one feruple and twenty grains. ‘The mutton 
and fifh were entirely concocted, the potatoe 
had loft twenty-one grains; but the parinep 
was unchanged. 

xiv. Being furprized at the ‘f{peedy folu- 
tion of ivory by the gaftric fluid, I deter- 
mined to fubject other hard bodies to its 
action. I therefore carefully weighed three 
pieces of a fheep’s thigh bone, and gave 
them to a dog that had been long kept faft- 
ing. Seven hours afterwards the animal was 
killed, and the bones were taken out of the 
ftomach. The firt had loft feven, the fe- 
cond nine, and the third twelve grains. The 
folution began at the internal furface, and 
advanced towards the center, fo that the ca- 
vity was confiderably augmented (a). 

I more- 


(2) In order to’aflure myfelf that this folution was not owing 
to fermentation, or -an acid, I immerfed a bone of the fame 
mine in an alimentary mixture, confiting of roafted beef, 

o wheaten 
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I moreover obliged my dog to {wallow 
pieces of cartilage, but I found that the gaf- 
tric fluid produced no effect upon them. 

xv. As the ivory fpheres and bones were 
fo readily diffolved in the foregoing experi- 
ments, I was induced to make trial of fome 
bodies ftill harder. With this view I pro- 
cured fome cylindrical tin tubes, perforated 
with a great number of holes; of which 
four were given to a dog that had been kept 
fafting twelve hours. The firft contained 
fixteen grains of roafted beef, the fecond the 
fame quantity of veal, the third of fat, and 
the fourth of wheaten bread.’ In ten hours 
the animal was killed and opened, and the 
tubes were taken out of its ftomach. The 
beef and bread were quite diffolved; the veal 
had loft only ten grains, and the fat eight and 
a half. The tubes had not undergone the 
fmallet alteration. 

XVI. As in the laft experiment the veal. 
was not fo foon diffolved as the beef, I began 
to fufpect that the fleth of young animals in 
general is lefs eafy to digeft than that of old | 


wheaten bread and water, beaten into a pulp. When it had 
remained forty-eight hoursin a temperature, equal to 102 deg. 
of Fahr. Therm. it was examined: the fermentation had run 
very high, and the acidity was ftrong, but the bone had under- 
gone no diminution. It was, however, much foftened. | 


Ones. 


"» 
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ones. I therefore took care to repeat the ex- 
periment with lamb and mutton, which were 
put in equal quantities into two tubes. The 
refult was as before. In feven hours the 
mutton was quite diffolved, whereas the lamb 
had loft only ten grains. The remains of 
veal and lamb in thefe experiments were fur- 
rounded with a vifcid gelatinous matter. 

XVII. Sixteen grains of raw beef, and the 
fame quantity of roafted were inclofed in two 
- tubes, and given to a dog, which was killed 
{even hours afterwards, when the former was 
found to have loft fifteen grains, while the 
latter was completely diffolved. 

xvill. The fame experiment was repeated 
with fifh inftead of flefh. Sixteen grains of | 
raw and as much boiled haddock, were en- 
clofed in two tubes, and given to a dog. 
~ When he was killed, no remains of the boiled 
could be found; the raw portion had loft 
fourteen grains. 

xix. I next enquired whether quadrupeds 
or birds are mott ealily digefted. For this 
purpofe, equal quantities of beef, mutton, 
and fowl were inc clofed in three tubes, sn 
given to a dog; they were each roalted, and 
weighed fixteen grains. Upon killing the 
dog, and examining the tubes, I found that 

the 
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the mutton and beef had been diffolved, 
while the fowl had only loft eleverr grains. 

Molt of the experiments related above, 
were repeated oftner than once, and afforded 
the fame refult. We cannot therefore enter- 
tain any doubt concerning the mode of di-, 
geftion in this clafs of animals. Whether 
the concoction of ruminating animals is ef- 
fected in the fame manner, I endeavoured to 
afcertain by the following experiments. 

xx. $ave a: fheep four cylindrical tin 
tubes, each containing fixteen grains of raw 
beef, falmon, turnep, or potatoe; fix hours 
afterwards, the animal was killed; the tubes 
were found in the firft ftomach. The fith 
and flefh were unaltered, whereas the turnep 
and potatoe were quite diffolved. | 

xxI. The fame experiment being repeated 
with the fame fubftances boiled, afforded the 
fame refult. ‘The vegetables were digefted, 
and the beef and falmon unchanged. — 

-xxII. Having found that the fheep di- 
gefts vegetables very readily, but is incapable 
of diffolving animal fubftances, I had next 
recourfe to the ox. Four tubes, one con- 
taining raw beef, another fifh, a third chop- 
ped hay, and the fourth leaves of pot-herbs, 
were given to an animal of this fpecies, and 
it was killed ten hours afterwards. The tubes 

lay 
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| were notaltered; but I could find no remains 
of the hay or herbs. n 
Many experiments of the fame kind wer 
made upon this animal, and they led me to 
— the fame conclufion, viz. that the gaftric > 
fluid of the ox kind, eafily and fpeedily dif- 
folves vegetables, but is incapable of pro- 
ducing this effect upon animal fubftances. 
: In all thefe experiments, I attribute the 
{olution of the food to a powerful menftruum 
fecreted by the coats of the ftomach. It 
may be objected, that my experiments do 
not clearly fhew whether the food is con- 
cocted by the gaftric fluid, or by fermenta- 
tron, for both caufes may at equally upon 
| aliment inclofed in the {pheres. But befides 
the arguments already adduced to fhew (4), 
that fermentation does not produce this ef- 
feQ, many circumftances attending thefe ex- 
periments clearly fhew the efficacy of the 
gaftric liquor, For in the experiments in. 
which the food was not quite diffolved, the 
folution always began at the furface, and 
proceeded towards the center, and what re- 
mained, fhewed no tokens of fermentation. 


La) In the part that has been omitted. 


. Vot. l. le In 


386 APPENDI X 


In the x111th experiment ivory was dif- 
folved, while parfnep, a vegetable of foft 
texture, and liable to fermentation, was not 
at all altered. | 

To remove every doubt, the following ex- 
periment was feveral times repeated, and al- 
ways aftorded the fame refult. 

xxIIl: Having kept a dog. fafting eigh- 
teen hours, that his ftomach might be free 
from the remains of food, I killed it, and 
collected about half an ounce of pure gaftric 
fluid, which was put into a phial with twelve 
grains of roaft beef. The fame quantity of 
the fame beef was put into another phial, 
containing water, inorder to ferve for a term 
of comparifon. Both phials were placed in 
a furnace, of which the temperature was 
equal to 102--104° of Fahrenheit’s thermo- | 
meter. In eight hours the beef in the gaftric 
fluid was quite diffolved, whereas that in the 
water had undergone no perceptible altera- 
tion. In twenty-four hours both  phials 
were taken out of the furnace and carefully 
examined. The food diffolved in the gaftric 
fluid emitted a tancid and pungent, but by 
no means a putrid odour; it refembled very 
much the fmell of burnt feathers. The meat 
in the othet phial was quite putrid, and in- 

| tolerably 
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tolerably fetid; but its bulk was not dimi- 
nifhed. 

I carefully obferved the phial usa 

the gaftric fluid during the folution, but 
could perceive no air-bubbles arifing, or any 
other token of fermentation. I repeated this 
experiment with mafticated meat, when the 
folution was much more fpeedily com- 
pleted. 
_ afterwards made trial of mutton, veal, 
lamb, and other animal, together with a great 
‘ variety of vegetable fubftances; all were eafily 
diflolved; but the time requifite for the com- 
pletion of this procefs was different, and 
anfwered exactly to the refults af the prece- 
ding experiments. 

As in this experiment there was no fign of 
fermentation or putrefa€tion, I fufpe&ed that 
the gaftric fluid, as well as the faliva (a), 
retards both the one and the other. In order 
to determine this, I made the following ex- 
periment. 

xxiv. I took two alimentary mixtures, 
each confifting of mutton and bread in equal 
quantities. Upon one, half an ounce of the 
recent gaftric juice of a dog was poured, and 


(a) Where did the author learn that the faliva checks fer- 
mentation? It appears from all the experiments that have been 
made to forward it, T. 
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upon the other the fame quantity of pure 
water. Both mixtures were beaten toa a 
and inclofed in phials accurately flopped ; | 
they were then fet in a furnace, heated to 
the 102d deg. of Fahrenheit’s thermometer. | 
Fermentation took place in a few hours in 
the phials that contained the water, the folid 
contents rofe to the furface, and air was ex- 
tricated with a confiderable inteftine motion. 
The mixture immerfed in the gaftric fluid, 
remained fourteen hours with fcarce any to- 
kens of fermentation; but a fhort time af- 
terwards, this procefs evidently took place. 
The bread and flefh arofe to the furface of the 
mixture, a fediment began to be depofited, 
and air-bubbles were continually extricated. 
‘But thefe phenomena continued much lon-, 
ger than in the other phial; the commotion 
was lefs violent, and the air was not fo ra- 
‘pidly extricated. When the fermentation 
‘had entirely ceafed, the tafte of the mixture in 
this phial was indeed acid, but not fo ftrong 
as in the other, and it was converted into a 
fluid by the pena power of the nee 
liquor. 

xxv. I divided a piece of putrid mutton 
into two parts, each of which was put into 
a feparate phial, and to one, half an ounce of 
| Uk recent gaftric fluid of a dog was added, 
4 and 
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and to the other, which was defigned as a 
term of comparifon, as much water. They 
were fet in a cool place, and two days after». 
wards I examined them, when the latter e» 
mitted an intolerably putrid fmell, and the 
other, though it had yet a bad odour, did 
not fmell fo difagrecably as the preceding, 
nor even fo difagreeably as at firft. Upon i 
fhaking the phial, the meat fell to pieces, 
but it was not quite diffolved. This, per- 
haps, happened, becaufe it was not expofed 
to a fufficient heat. 

Thefe experiments throw great light on 
digeftion. They fhew, that it is not the sf 
fe& of heat, trituration, putrefaction, or 
fermentation alone, but of a powerful fol- 
vent, fecreted by the coats of the ftomach, 
which converts the aliment into a fluid, re- 
fembling the blood. If it fhould be afked, 
what defends the organ itfelf, I would an- 
{wer, that it is the vital principle, as Mr, 
Hunter’s (4) obfervations fhew; after death 
it is diffolved as readily as any other inanimate 
fubftance. It is probable, that every fpecies 
Piro, | of 


(2) Philofoph. Tranf. for 1772. The ingenious obferver 
feems, however, to attribute too much to this principle. He 
fuppofes, that whatever poffefles it, is capable of refifting the 
action of the gaftric liquor ; his arguments by no means prove 

this, 
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Sf animal has its peculiar gaftric liquor, ca- 
pable of diffolving certain fubftances only. 
Some living folely upon vegetables, others 
_upon animals, and thefe cannot be obliged 
to feed upon plants, by a fat of whatever 
continuance. All, by an infallible inftin&, 
choofe what is bet adapted to their gaftric 


fluid. The food, when diflolved, is expel-— 


led from the ftomach, and being mixed with 


the bile and pancreatic juice in the duode- 
num, is changed into a mild blood and in= | 


this. slo: indeed, live in the human ftomach, butit does 
not follow, that other animals alfo can, for nature may have 
given them a particular ftruAure of body. The following con- 
fiderations will render the general propofition very doubtful. 

Fifhes {wallow and digeft living crabs, lobfters, &c. The 
leech is conco@ed by the human ftomach, though it has no 
pores, and can fuftain a temperature equal to that of man. 
Cornelius found a fnake half digefted in a bird’s ftomach, but 
ftill alive. Plot faw oné eye confumed, while the fifth was alive. 

It {eems therefore probable, that the gaftric liquor aéts alfo upon 
living things. Perhaps, likewife, it is fometimes fo changed, 

as to act.on the ftomach itfelf. The following cafés commu- 
‘ micated by Dr. Monro render this probable. A lady, that 


ufed to complain of pain in the ftomach, died fuddenly. Upon . 


opening the body, a hole was found in the left fide, and the 


coats were relaxed as if they were half putrified. ‘There were 


no appearances of gangrene. A boy died after having long 
ftruggled with fimilar pains. The ftomach exhibited the very 
fame appearance, if we except the hole. F rom the preceding 
fymptoms, one may venture to fuppofé, that fome alteration 
was produced before death. But this is only conjecture, and 
ature experiments muft determine the queftion. 
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odorous liquid, which is denominated chyle. 
The chyle is abforbed by numberlefs veflels, 


and is carried by the thoracic duct into the © 
-fubclavian vein, in order to repair the cons 


{tant wafte of the body, 
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THE SUBJECT OF DIGESTION IN ANIMALS WITH MEMBRA» 
NOUS STOMACHS CONTINUED. THE LITTLE OWL. THE 
SCREECH-OWL. THE FALCON. THE EAGLE». 


cxtv. Recapitulation of Reaumur’s experiments on the 
digeftion of animals with membranous ftomachs 175 
‘exLvi. Birdsof prey. The gaftric.fluid of the little owl 
incapable of digefting fome vegetable fubftances 178 
cxLViIIs Though capable of producing this effe& on 


bone. ‘The ftomach has no triturating power | 18® 
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exiviil. Contrivance of the author for bringing up 
tubes out of the ftomach of birds of prey at pleafure, 
Gradual folution of bone and flefh in tubes by-this 


| owl - | wo di 180 
cxLIx. Inexhauftible fource of the gaftric Quid---Pyo- 

| perties - ee 182 
ex. It diffolves fleth out of the body “we. 185 
cLI. Defcription ot the cefophagus and ftomach. Source 
of the eaftric fluid - - 187 

. cLIi. Morbid condition of a fereech-owl, that rendered 
the gaftric fluid incapable of digefting flefh 189 
cuit. Which is very efficacious in health n 190 


cLiv. ‘Then even bone is readily diffolved. The cefo- 
phagus, in one fpecies of fcreech-owl, diffolves feth 
nearly as well as the ftomach - 01 
cLv. Artificial digeftion with the gaftric fluid of this 
fpecies =: - - 192 
CLVI. Another fpecies of fcreech-owl, exaétly like the 


preceding o» - ‘ib. 
CLVII. Way to give nda falcon without ir. 
ritating it REE Is oe 194 
‘CLvilt. Singular digeftida oe in.tubes. 195 
eLix. Of the fame loofe*in the ftomach. Hard bones 
long in being diffolved:. =... + 198 
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CLXxI. Enamel of the teeth not diffolved iS Mic 400 

CLXII, The fdme thing with refpe& to horn, nd 
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cLxIII. Leather not digefted. Afther kind digefted 202 

cLxiv. Gaftric fluid of the falcon does not digeft vege» 
tables 
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ficient heat ~ ‘ - 204. 
cLxvI. Mode of digeftion within and without the body 
alike. The craw does not diffolve‘fleth 205 
cLxvii. CEfophagus and craw full of glands. Part of 
the gaftric fluid comes from the ftomach Had. 
ceLxviit. Eagle i = JRE 7200 
eLxIx. Its food. Courage in attacking and deftroying 
animals larger than itfelf - 208 
eLxx. Liquorrunning from the noftrils into the mouth 
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cixx1. Falfeliood of the opinion, that bitds of prey, arid 


efpecially eagles, never drink - 211 
cLxxi1. Whether the eagle can live on bread. Its aver- 
fion for this food - - ib. 
eLxxin: When introduced into the ftomach it is eafily 
digefted ; - = ? 212 
cLxxiv. This is the meré effect of the gaftric fluid alone. 
Manner of its aétion - 214 


erxxv. Gaftric fluid of the eagle readily digefts other 
fubftances befides animal ones. Some carnivorous 


birds turn frugivorous, and reciprocally 215 
cixxvi. Stomach of the eagle has forme motion, but is 
incapable of triturating - Nei 218 


cuxxvirs Craw has no part in producing digeftion 219 
oLxxvitt. The manner in which fiefh is decompofed in 
the ftornach of the eagle Ris ef 228 

| erxxix. It a&s in the fame manner on flefh inclofed in 
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23 222 
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cLxxx1. Readinefs with which the gaftric fluid infinuates 
itfelf into compact bodies — - ; ibs 
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eLxxxIti. Gaftric fluid of the eagle fooner diffolves bone 
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a of the teeth - - 228 
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cLxxxvi. Artificial digeftion The gaftric liquor does 


not eafily freeze — - ~ 233 
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fcribed n - 235 
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the craw. Coats ofthe ftomachs. Glands 237 
co erxxx1x. Gaftric juices made bitter by the bile. Li» 
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- "HE SUBJECT OF DIGESTION IN ANIMALS WITH MEMBRA: 
NOUS STOMACHS CONCLUDED. THE CAT. DOG. MAN: 
WHETHER DIGESTION CONTINUES AFTER DEATH. 


exc. The gaftric fluid of the cat the efficacious caufe of 
| digeftion | - - 243 
exci. Enquiry concerning the origin of this fluid 245 
excir, Slight analyfis of the gaftric fluid of the dog. It 
diffolves | flefh, bread, and cartilage, inclofed in tubes ib, 
CXCIII, cxciv, cxcv. Boerhaave thinks that dogs can- 
not digeft inteftine flefh and ligament, Is miltaken. 


Caufe of his error - 24.7--252 
excvi. Undetermined queftion, whether dogs can dif- 
folve bone - - 256 


EXCVII, CKCVIII. Experimental enquiry. Determination 
inthe affirmative. Gaftric fiuid of fome dogs corrodes 
the enamel of the teeth. At the timeit diffolves bone, 
‘leaves linen untouched - 258, 259 
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cevin, ccix. Flefh inclofed in tubes, digefted in the 
author’s ftomach. This is the effect of the gaftric 
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fingular phenomenon 274 

ccxi. Chewed flefh and bread Sines digefted than that 
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perfectly digefted in the human ftomach Br, 278, 
ccxiv. Alfo tender bones, but not hard ones. The intef- 
tinal fluid has fome part in producing thefe effects 278 
ecxv. The author’s method to procure the gaftric fluid 


in a ftate of purity - 280 
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body - - 282 


ecxvi1. Confirmation of this experiment. Proof of the 
neceflity of a certain degree of heat. Experiment pro- 
ving, that a great degree of digeftion is produced be- 
‘. fore the food pafles to the inteftines = 285 
ecxvilr. Recapitulation - 286 
ccx1x. Boerhaave’s opinion concerning digeftion 288 
CCXX, CCXXI, CCXXII. Fads that oblige the author to 
relinquifh this opinion. Refutation of an opinion, 
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tion of the juices of animal and vegetable fubftan- 
ces ~ - 290--296 
ccxx111. Whether, according to Hunter, the great 
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- - 298 
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cexxviti. Further experiments. When birds have 
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when the ftomach is taken out of the body. Reafon 
why the ftomach is not foon fubje& to be diffolved as 
the food — ~ - 307 
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ccxxXxtI. Roerhaave thinks, that an incipient fermen- 
tation only can take place in the ftomach 310 
ecxxx111. Different opinions of Pringle and Macbride. 
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tion - - 32 3--326 
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ecxLvII. It is probable that this property is communi- 
cated to the internal coat by the gaftric fluid. This 
fluid curdles milk as well as rennet = 335 
ecxLviit. It is very doubtful, whether this property is 
a proof of latent acidity o ib. 
ccxErx. Fa&s adduced to prove, that digeftion is ac- 
companied with putrefaction - oy 
cer. Digeftion is over in fome. ‘animals, before putre- 
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ecLv. The gaftric fluid is not only a menftruum, but. 


antifeptic ! - - 347 
cecLvi. It corrects putrefaction i in phials © 


49 
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